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A Supplemental Work Plan (SWP} has been developed for conducting Phase II of 
the Remedial Investigation/Feasibility Study at the American Chemical 
Services CERCLA/SARA Site in Griffith, Indiana. The SWP is attached as 
Appendix A. The original Quality Assurance Project Plan (QAPP} for the 
project included a scope of work for conducting two Phases of the Remedial 

~f~ Investigation and the the Feasibility Study. 

The SWP proposes several modifications and additions to the original Phase 
II scope of work on the basis of the review of Phase I field observations 
and analytical results. Sampling location maps and a Phase II activities 
table are included in the SWP (Appendix A) to summarize the revised Phase II 
sampling. Table 1 (attached) provides an update to Tables 5 and 6 in the 
original QAPP, listing the numbers of samples, duplicates, blanks, matrix 
spikes, and matrix spike duplicates for each sample to be collected in Phase 
II. 

Many of the activities in the modified PhasE· II scope of work simply 
increase or re-allocate previously approved sampling procedures; these 
require no addition to the QAPP. However, some are new sampling procedures 
which were not in the original Work Plan, and therefore, the QAPP did not 
include Standard Operating Procedures (SOPs) for performing those analyses. 
SOPs for the following activities are contained in Appendix 8: 

• Field screening of VOC concentrations in groundwater. 

• Reduction/Oxidation Potential (Redox) testing of field samples while 
collecting groundwater samples from monitoring wells. 

• Dissolved oxygen (DO) testing of field samples while collecting 
groundwater samples from monitoring wells. 

• Analysis for Total Organic Carbon (TOC) in solid matrix samples. 
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In addition, laboratory analysis will be used to calculate the total 
porosity of samples of soils, sediments and aquifer materials. The 
laboratory will follow the procedures in ASTM 0408, (for Soil and Rock), and 
the Army Corps of Engineers, laboratory Soils Testing Manual (EMlll0-2-
1906). 

ATIACHMENTS 

Table 1 

APPENDICES 
A Supplemental Work Plan 
8 Standard Operating Procedures 

81 - Groundwater Screening/Soil Gas Sampling Procedure 
82 - Reduction/Oxidation Field Sampling 
83- Dissolved Oxygen Field Sampling 
84 - Total Organic Carbon Laboratory Analysis 
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TABLE 1 
SUMMARY OF PHASE II SITE CHARACTERIZATION l' 

QAPP ADDENDUC, PHASE II Rl 
ACS SITE, GRIFFITH, INDIANA 

llo. of Matrtx Splket<4> 
s~le<1> Laboratory StudyC3) Investigative No. of Field llo. of Matrix Spike Total llo. of 
Matrix Laboratorx Parametersl21 516! Phase !!!!Ill!! I!!!!Ucates [let~ ll!D! l!!:!l!lfcate !!!!2!!! 
Phase I Conpx:hl!lll TCL Volatiles 28 6 1 1 1 9 
Monitoring 
"ells Conpx:hem TCL Semi-Volatiles 28 6 9 
Rot.nd 2 

Groundwater Conpx:hem TCL Volatiles 2A 12 2 2 2 18 
28 • * 

Conpx:hem TCL Semi-Volatiles 2A 12 2 2 2 18 
28 • • 

Coq:~UChC!III TCL PCB/Peatlcldes 2A 12 2 2 2 18 
28 * * 

"arzyn TCL Metals (Dissolved) 2A 12 2 2 0 16 
28 * * 

\larzyn TCL Metals (Total), TSS 2A 5 0 7 
28 • * 

Uarzyn Cyanide (Ffl tered) 2A 12 2 2 0 16 
2B • • 

Uarzyn Chloride, Alkalinity, 
Sulfate 2A 12 2 2 0 16 

28 • * 
\larzyn Ammonia, Nitrate-Nitrite, 

TOC, COO 2A 12 2 2 0 16 
28 * * 

Uarzyn Total Dissolved Solids 2A 12 2 2 0 16 
28 • * 

Private Conpx:hem TCL Volatiles 2 10 
, 13 

\lells Conpx:hem TCL Semi-Volatiles 2 10 , 13 
(low Conpx:hem TCL PCB/Pestlcides 2 10 , 13 
Detection \larzyn TCL Metals (Total) 2 10 0 12 
Limits) \larzyn Cyanide (Unfiltered) 2 10 0 12 

\larzyn Chloride, Alkalinity, 2 10 0 12 
Sulfate, 

Uarzyn Ammonia, llltrate-Nitrlte, 2 10 0 12 
coo 



TABLE 1 (Continued) 

No. of 
s...,le<1> Laboratory Study(3) Investigative No. of Field 
Matrix Leboratoa Parameters<2•5•6~ Phase !!!!~!!!! l!!!!llcates 

Sediment C~heta TCL Volatiles 2 5 
CoqlUChelll TCL Seal-Volatiles 2 5 
CoqlUChelll TCL PCB/Pestlcldes 2 5 
Warzyn TCL Metals 2 5 
Warzyn Cyanide 2 5 

Natural Sol ts CoqlUChelll TCL Volatllest 2 20 2 
-waste Borings CoqlUChetll TCL Setai·Volatlle , 2 20 2 

C~hem TCL PCB/PeatfcfdF;# 2 20 2 
Warzyn TCL Metalsl 2 20 2 
Warzyn Cyanlclel 2 20 2 
Warzyn Volatile Realduel 2 20 2 

Aquifer Matrix C~hetll TCL Volatiles 2 5 
s. s...,les C~hem TCL Semi-Volatiles 2 5 

C~hen1 TCL PCB/Pestfcfdes 2 5 
Warzyn TCL Metab 2 5 
Warzyn Cyanide 2 5 

Geotechnical Warzyn Atterberg lf•fts 2 12 0 
s...,les- Warzyn Particle She 2 12 0 
Wells and Total Organic Carbon 2 12 2 
Sediment Warzyn Cation Exchange Capacity 2 7 0 

Warzyn Total Poros tty 2 12 0 

Notes 
1 Saq>les will be considered low or .ecJIUII concentration. 
2 See Appendix B for TCL analyte l fats, also ~ to 30 tentatively Identified compot.llds. 
3 The star (*) Indicates that the nuMber of sa.ples and specific par.-eters will be deter.lned 

from Phase 1 and 2A results. Prell•lnary assesa.ent Indicates that~ to 9 wells will be 
saq:~led for the conplete TCL, and the re~Minfng rullber wfll be s~led for a recb:ed 
parameter list. Also note that Phase 2A s&q)le rullber Is given as the expected •xl-. 

4 

5 

s....,le ru"lb!rs do not reflect the additional volune of a81'f)let r~lred for •trlx 
spikes and .atrlx spike duplicate analysis. 
T~rature, pH and specific cordJctance .. asurements will be taken In the field for 

\ . '. 

No. of 
Field Bl!!Jk! 

1 
1 
1 
1 
1 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

6 
aqueous saq>lea. Queli tatlve screening wl th the HNu or CNA will be perfol'lll!d on to ltd s....,les. 
The I Indicates need for each specific analysis will be cleten~lned In field. 
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Matrix Spfke/(4) 
I 

' MatrfJI Spike Total No. of 
P!:l!llcate !!!!l!!u 

; 8 
1 8 
0 7 
0 7 
0 7 

1 23 
1 23 
1 23 
0 22 
0 22 
0 22 

1 7 
1 7 
1 7 
0 6 
0 6 

0 12 
0 12 
0 14 
0 7 
0 12 

I' • 
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SUPPLEMENTAL WORK PLAN 
PHASE II REMEDIAL INVESTIGATION 
AMERICAN CHEMICAL SERVICES SITE 

&RIFFITH, INDIANA 

-1-

INTRODUCT,ON 
The orig nal Scope of Work for conducting a Remedial Investigation/ 
Feasibi11 ty Study (RI/FS) at the Ameri_can Chemical Services CERCLA Site, as 
developed for the Work Plan and approved in the consent agreement, specifies 
two phases of work for conducting the Remedial Investigation at ·the ACS 
Site. A majority of the Phase I work has been completed. This document 
represents a revised scope of work for conducting phase II of the Remedial 
Investigation. 

In a memo dated October 17, 1989, Robert Swale, U.S. EPA Remedial Project 
Manager (RPM) proposed an expanded and revised scope of work for conducting 
Phase II of the Rl. The PRP group has spent time and considerable expense 
during the month which followed Mr. Swale's memo, considering his proposal 
and responding to it. At the direction of the PRP group, Warzyn Engineering 
Inc. has drafted this Work Plan Addendum for Phase II RI tasks to respond to 
the U.S. EPA proposal. 

Additional time and expense have been incurred by the PRP group, and the 
project has been delayed several weeks, while the PRPs have considered the 
U.S. EPA proposal, and in essence, re-negotiated a scope of work, modified 
from the one already approved in the signed consent agreement. That 
original work scope was developed in a joint effort among the U.S. EPA, 
EPA's technical contractor, Roy F. Weston, and Warzyn (representing the PRP 
group). 

Warzyn has developed this Supplemental Work Plan (SWP) at the request of the 
PRP group to respond to the U.S. EPA Phase II proposal by re-organizing, 
modifying, and supplementing the previously-approved Phase II scope of work. 
If this SWP and associated QAPP addendum can be approved by December 6, 
1989, it may be possible to initiate Phase II of the Remedial Investigation 
during the week of December 11, 1989. The project schedule has been revised 
for the assumed December 11 start of Phase II; it is included as Table 1. 
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The following description of activities for the Phase II Remedial 
Investigation at the ACS CERCLA site is organized in the sequence of the 
U.S. EPA's October 17, 1989, •Proposal for Phase II of the RI/FS• to 
facilitate review. The field and sampling activities for each of the 
activities are summarized in Table 2. 

A. GROUNDWATER AND SURFACE WATER FLOW DIRECTION 
Four monitoring wells will be constructed during Phase II with screens 

' sealed in the lower aquifer. Water levels from these wells will provide 
data to calculate groundwater flow direction in the lower aquifer. Water 
levels collected at these lower aquifer wells will be analyzed with the data 
base which includes water levels at the Phase I monitoring wells, 
piezometers, and staff gages. The results will be used to document the 
vertical hydraulic gradient between the upper and lower aquifer across the 
site. Water levels will also be used to document horizontal gradients in 
the lower aquifer. 

Water levels have been measured at all piezometers, monitoring wells, and 
staff gages on two dates. Two additional measurements will be made during 
Phase II of the investigation: one during DecenJber 1989/January 1990 when 
the ground is frozen, and the second during March/ April 1990, when the 
annua1 hydrograph is expected to be at its peak. Up to four additional 
water level measurements will be made at a representative group of measuring 
points (8-12 of the piezometers, monitoring wells, and staff gages), to 
provide more detailed data regarding interactions between groundwater and 
surface water, and response to aquifer stresses. 

Existing geologic and hydrogeologic information will be evaluated and used 
to supplement the results of Phase I and II site investigations. Sources 
include: information in U.S. EPA files, and the Preliminary Hydrogeologic 
Site Assessment conducted in January 1986 by ATEC Associates for Mr. James 
Tarpo. The ATEC report contains boring logsl sampling information and water 
level data from 1986. 

WARZYN ...,. 
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A numerical model will be used to synthesize the climatological data, 
aquifer characteristics data, and water level data into a conceptual flow 
model. This will be useful tn developing an understanding of the 
groundwater flow system and its interactions with surface water, and in 
evaluating potential remedial alternative scenarios. 

8. CONTAMINANT PLUME DELINEATION 
Upoer Aaujfer Investigation. Four to eight Phase II monitoring wells are 
specified in the approved work plan. Water level measurements 1n th! upper 

i 

aquifer indicate that there is a groundwater high beneath the ACS Inc. 
facility, and that groundwater flow may be radially outward. Therei:ore it 
is possible that the groundwater plume extends in several directions from 
the site. 

With the potential for a plume to extend in all directions from the site, it 
is uncertain whether the plume could be adequately delineated if the only 
further activity 1s installing eight additional monitoring wells. 
Therefore, it will be cost effective to use a field screening technique to 
optimize the locations and limit the number of monitoring wells. Soil gas 
sampling 1 s a generally accepted field screening technique. However, it 
appears that the field work will be conducted in the winter when ground will 
be frozen so there may be potentially high volat:le organic concentrations 
in the ambient air and there may be a high potential of getting meaningless 
results. 

An effective field screening method at the ACS site would be to collect 
groundwater samples at multiple locations surrounding the site to be 
analyzed for VOCs or semivolatile compounds. The water levels measured at 
the piezometer network have provided precise data regarding the depth to the 
water table, so it would be relatively efficient to penetrate through the 
water table and collect a groundwater sample for field GC analysis. The 
result would be an analytical test result for the groundwater at the sampled 
location. 

WARZYN 
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It 1s proposed that Tracer Research Corporation (Tracer) be subcontracted to 
collect water samples from the aquifer in the zones indicated in Figure 1. 
Tracer uses a sampling van with the capability of driving a sampling probe 
into the ground to collect a groundwater sample. After the water sample is 
collected, head space analysis is conducted using the field GC 
instrumentation in the van. Using thi_s method, it will be possible to map 
the extent of the VOC plume in the upper aquifer in two or three days. On 
the basis of the field screening, the well locations will be selected to 
intersect the outer edge of plume in the upper aquifer, thereby do~umenting 

\ 

its extent and character. Locations and numbers of wells (up to ·~ximum of 
~j) eight) necessary to adequately accomplish this goal will be determined from 

the field screening results. 

. '· 

Aquifer samples (solid matrix samples) will be collected at up to five 
points within the groundwater contamination plume to provide an indication 
of contaminant characteri st 1 cs for remed 1a 1 a 1 tern at ives eva 1 uat 1 ons. The 
locations wil 1 be determined from the field screening results. Parameters 
for analysis will be VOC and semi-volatile organic compounds. 

Lower Aquifer Investigation. The January 1986 Preliminary Hydrogeologic 
report by ATEC describes a monitoring well constructed in the lower aquifer 
in 1985. The report indicates that the clay layer is approximately 12 feet 
thick at the ACS facility, located between elevations 603 and 615 feet mean 
sea 1 evel. 

During Phase II, four monitoring wells will be constructed in the lower 
aquifer to provide hydraulic gradient and water quality information. A 
double casing drilling technique will be used to avoid potential cross­
contamination from the upper aquifer. The wells will be constructed with 
stainless steel materials, and will have five-foot screens located in the 
upper zone of the lower aquifer. The first three lower aquifer wells will 
be constructed at the approximate locations indicated on Figure 2. The 
fourth well location will be selected to be downgradient of the site on the 
basis of water levels in the first three. 

WARZYN 
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Groundwater Samoling. The approved work plan specifies that two rounds of 
samp 1 i ng will be conducted at each Phase I and Phase II mon 1 tori ng wells. 
The target compound list (TCL) of organic parameters and the target analyte 
list (TAL) for inorganic parameters will be tested for in the first round of 
sampling at each well. For the second round of sampling at each well, the 
parameter list may be reduced to test for only the groups of compounds which 
were indicated in the first round of sampling. 

During Phase II, the second round sampling will be conducted at the Phase I 
wells (MW-1 through MW-6), and both rounds of sampling will be conducted in 
the Phase II wells. The parameter list for Phase I monitoring wells has 
been reduced on the ba~is of Phas.e I sampling results to include VOCs and 
semivolatile compounds. 

Provided access can be obtained, ten existing water supply wells within one 
mile of the site will be sampled. Water levels measured in the four lower 
aquifer monitoring wells will be used to determine the groundwater flow 
direction in the lower aquifer in the vicinity of the site. Nine 
downgradient locations and one upgradient location will be selected for 

. . 
sampling and samples will be analyzed for TCL and TAL parameters. 

Additional efforts will be made to classify the general characteristics or 
grouping_s of the groundwater sampling results whi~h have been classified as 
•unknown• compounds in Phase I sampling results. 

C. AQUIFER TESTS AND ~NGINEERING EVALUATION 
The purpose of conducting aquifer tests in the Remedial Investigation is (1) 
to provide an adequate characterization of aquifer characteristics to 
evaluate potential fate and transport of contaminants for the Endangerment 
Assessment and (2) to provide scoping information for remedial alternatives 
evaluation in the Feasibility Study. 
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Aquifer tests were conducted by bail test at each of the Phase I monitoring 
wells. In addition, grain size analysis was conducted on samples from the 
aquifer material collected from the screened zone of each of the six 
monitoring wells. The aquifer tests indicate that the hydraulic 
conductivity (K) in the upper aquifer ranged between l.Sxlo-3 em/sec at HW-2 
where the aquifer consisted of fine sand, to 1.2xlo-2 em/sec at MW-5, where 
the aquifer material consisted of sand and gravel • 

These results indicate the bail tests, supplemented with grain size 
analyses, have been adequate to characterize the aquifer properties at the 
ACS site. There is no indication that conducting a pumping test would 
provide significantly more precise aquifer data. It is likely that 
conducting a pumping test would cause delays in project progress because the 
water pumped during a pumping test would be contaminated. Warzyn' s 
experience indicates that it would be very difficult and time consuming to 
obtain permits for disposal of the pumped grpundwater. 

The physical and chemical characteristics of the three major geologic units 
will be further characterized by additional analyses. Two soil samples will 
be collected from the upper aquifer (Calumet Aquifer), the confining clay 
layer, and the lower aquifer (Valparaiso Aquifer). Analyses for each of the 
six samples will include (as appropriate): grain size, Atterberg Limits, 
total porosity, and total organic carbon (TOC). 

A groundwater flow model will be used to synthesize the slug test data, 
climatological data, 2'\d the water level measurements, and develop a 
conceptual model of the upper aquifer flow regime. 

D. FURTHER CHARACTERIZATION OF SITE STRATIGRAPHY 
Eight to twelve additional borings will be made to install monitoring wells 
during the Phase II investigation. Four of the borings will extend through 
the c 1 ay confining 1 ayer and be camp 1 eted as doub 1 e cased 1 ower aqu; fer 
monitoring wells. The results of these boring will document the total 
thickness of the clay confining layer at different locations beneath the 
site. 

WARZYN ........ 
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Each of the four lower aquifer wells will be constructed in the vicinity of 
an upper aquifer monitoring well to create •well nests" at four diverse 
locations across the site. Water levels measured both above and below the 
confining layer at each of these locations will provide further data to 
evaluate the integrity and continuity of the clay layer throughout the site. 
Additional information regarding physical properties of each geologic unit 
will be obtained in Activity C. 

E. DELINEATION OF SURFACE WATER/SEQIMENT CONTAMINATION 
The. approved Work Plan specified 1 surface water and 1 sediment sample at 11 
locations {22 total samples) for the Phase I investigation. During the 
field activities, there was no standing water at several of the Surface 
Water/Sediment {SW/SD) sampling locations. Mr. Swale agreed that collecting 
sediment samples only at these locations would sufficiently characterize the 
conditions. As a result, the samples which were not collected in Phase I 
will be re-allocated to Phase II. 

Five sediment sampling locations have been identified to further 
characterize the surficial contamination in the adjacent surface water areas 
and drainageways surrounding the site and along the railroad between the 
Griffith landfill and the marshy area to the north .. General locations are 
shown on Figure 3. 

To aid in the determination of the sorptive properties and natural 
attenuation capabilities of the wetland soils, six near surface soil samples 
will be collected and submitted for laboratory analysis. Characteristics 
tests will include grain-size analysis and total organic carbon {TOC) 
determination. 

F. WETLANDS DELINEATION 
During November 1989, aerial photographs were taken of the ACS site and 
surroundings. Besides the photography to develop the site base map (1 in • 
100ft, 2-ft contour interval), a black and white photograph and a color 
infrared photograph were taken. Initial wetland delineation may be 
conducted through interpretation of these photo maps. 
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U.S. EPA has reported that there is an interest by the Fish and Wildlife 
Department, Indiana agencies, and local interest groups, to have detailed 
wetlands assessment conducted. Apparently, the Fish and Wildlife Department 
has scheduled site work for the spring of 1990. The PRP group will discuss 
the requirements of the assessment with the appropriate agencies before the 
work is scheduled to begin, and develop an approach to avoid duplication of 
effort: 

6. TREATABILITY STUQIES 
Phase I findings indicate that there are no wastes or contamination problems 
which have not been encountered previously at other CERCLA sites. 
Therefore, there should be existing information from other sites to evaluate 
the treatability without conducting detailed treatability studies with ACS 
waste. 

To facilitate completion of the feasibility study, it is appropriate to 
collect some additional data regarding the chemical and physical properties 
of the contaminated site media. The media which will require remediation 
are: the soil/waste and the groundwater. 

The purposes of Phase II soil/waste sampling are to further delineate the 
extent of waste (Activity H) and to characterize chemical and physical 
properties of the waste for compatibility and treatability. Field 
observations during Phase I indicate that the waste characteristics are 
high 1 y diverse. The Work Plan specifies that appropriate test parameters 
may be selected for each sample. Ths.efore, field decisions will be made to 
perform appropriate ana lyses for characterizing waste compatibility and 
treatability. Examples of possible test parameters are total organic 
carbon, BTU rating, and potential ash generation. 

Most of the laboratory analyses which might be useful in assessing 
groundwater treatability are being conducted in the TCL and TAL sampling 
required in Round 1 of the sampling. Several field measurements will be 
conducted during Phase II field work including: pH, temperature, dissolved 
oxygen, redox potential, depth to groundwater, and saturated thickness. 

WARZYN 
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After the feasibility study is completed, and a final design has been 
selected, it may be appropriate to conduct bench or scale studies to 
appropriately scope the final remedy. 

H. ADDITIONAL WASTE BURIAL DELINEATION AND CLOSING OF DATA GAPS 
The approved Work Plan specifies that 20 additional solid matrix samples 
will be collected during Phase II to further delineate the vertical and 
horizontal extent of soil/waste contamination at the site. In addition, 10 
samples designated for collection in Phase I were not collected., These 
include the six surface water samples discussed in Activity E (abo\·e), and 
four surface area (SA) samples which were deferred during the Sample 
location Staking, conducted on June 15, 1989. (During location staking, 
representatives of U.S. EPA, U.S. EPA's consultant, and Warzyn agreed to 
defer surface area samples which w~re either redundant to other sampling 
locations, or were located in high traffic areas). Since these samples were 
Phase I samples, they included the full TCL and TAL parameter list. 

As a result, a total of 30 solid matrix samples remain to be collected from 
the total number of solid matrix samples designated for Phase I and II of 
the approved work plan. Five of these samples have been allocated to the 
sampling surface sediment in Activity E above. Another five have been 
allocated to characterizing the interior upper aquifer contaminant plume 
(Activity 8). 

The remaining 20 sampling locations will be assigned to delineate the extent 
of contamination in known waste areas, and to characterize and de 1 i neate 
waste in newly identified areas. The most flexibility will result by 
conducting the soil/waste sampling following the procedure used in Phase I. 

The Phase I procedure was to delineate the horizontal and vertical extent of 
buried waste using auger probes; then, to go back to areas which the auger 
probes indicated were most highly contaminated, or most characteristic of a 
given area, and collect samples. This procedure will be used in four areas 
(indicated on Figure 4): 
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A zone between the Kapica area and the Griffith landfill 

A zone between the Kapica area and the Off-Site Containment Area 

The Off-Site Containment Area 

The area west of the existing treatment lagoon 

-10-

Auger probes will be used as a fie 1 d screening method 1 n each area to 
develop visual and field instrument characterizations of the waste types and 
the horizontal and vertical extent. Then 20 Phase II solid matr1x.samples 
will be used to characterize the waste for compatibility and treatab,ility as 
appropriate. 

I. ENVIRONMENTAL AUDIT OF THE AMERICAN CHEMICAL SERVICES fACILITY 
The work scope for Phase I of the RI included an environmental audit of the 
ACS facilities. After a lengthy delay in providing site access to conduct 
the audit, ACS Inc. management allowed the audit to proceed during the week 
of November 13, 1989 • 

Tables 

1. Phase II Site Investigation Summary 
2. Round 2 Analytical Parameters for Groundw1ter Samples 

Figures 

1. Field Screening Areas 
2. Proposed locations for First Three lower Aquifer Wells 
3. Surface Sediment Sampling Areas 
4. Waste Areas Requiring Further Delineation 
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Date 

December 6, 1989 

December 11, 1989 

January 19, 1990 

February 16, 1990 

March 30, 1990 

April 6, 1990 

June 15, 1990 

June 25, 1990 

TABLE 1 

PHASE II SITE INVESTIGATION SUMMARY 
AMERICAN CHEMICAL SERVICES SITE 

REMEDIAL INVESTIGATION 

Event/Deliverable 

Supplemental Work Plan and QAPP Addendum Approval 

Phase II Mobilization 

Completion of Phase II Monitoring Wells 

Completion of Phase II Field Work 

Validation of Phase II Round 1 samples complete 

Completion of Phase Round 2 groundwater sampling 

First Draft Remedial Investigation Report Submitted to 
U.S. EPA 

Submittal of Final Remedial Investigation Report to 
U.S. EPA 
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Table 2 

Ph••• II Stte lnvestfgetlon SUIII8ry 
Alllerlc81"1 Ch•lcet ·Services CEICLA She 

Griffith, lndten~ 

... ; .. ) 1-' . ,_ . ....... 

.. . ' ,..,, ... .... . .... .... -~~~ ......... -
' I. 

Anticipated Mllllber 
!ctfvfty Letter Oacrfpti(!!J Utflfzetlon of pete of lnvestlaetlon Mln 

Weter level 
Meesurements 

Upper Aquffer ffetd 
Screening 

Monftorfng Well 
lnstellatfon lower 
Aquffer 

Upper Aquifer 

Aquifer Mlltrfx 
Sa.ptfng 

A 

a 

8 
c 
D 

a· 

8 

Prfvete Well SMpt tng 8 

Aqut fer Teste c 

sectt~~~ent s..,ung E 

Collect water levels et pfez0111etera, Additional wate.r level 
IIIOflltorlng Metts, 8l"ld steff gauges dete 

15 groundiMter a.ples ..... tyzed 
by heed apece/fletd GC 

Four 1110nftorfng wells screened 
fn tower (Velperelao) equtfer 

Four to elaht eddftlonel upper 
aqutfer welts Installed 

Collect 5 aquifer .. trf~ ...plea 
fi"GII Interior of groundwater pl~ 

Gr«n:fweter sa.ples fra. 
upper aqul fer 

lower aquifer water 
leveta 8l"ld water 11111pl ... 
Concentretfon of EPA 
TCL 8l"ld TAL per-tera 

Delineate the horlzontel 
8l"ld vertical extent of 
upper aqutfer 
cont•fnetlon 

Concentretlon of EPA TCl 
end TAL per..eters 

Collect water S811!ples fra. 1 Concentretfon of EPA TCL 
~redlent 8l"ld 9 cblngradlent •ter 8l"ld TAL per..etera 
•LWlY wells 

P~fl I ty testing at 4 upper 
aquifer 8l"ld 4 'ower equlfer 
locatfone 

Collect 5 sedhnent S8111Pl" fr~ 
drefnegeways surrounding sfte 

( 

Eatl•tee of equffer 
perweblllty 

Concentration of EPA TCL 
8l"ld TAL per..etera 

Assess hydriUl le gradients 8l"ld 
aurfece •ter grewl •ter 
Interact lone 

Identify the horizontal 
•~tent of groundwater 
contMinetfon by voce 

1. Extend sfte atretlgrephy 
2. Deten~lne vertical hydriUl lc 

gredfents 
3. Deten~lne horizontal hY'dr•lfc 

gradient 

None 

LA: 6 Geotech S-.:tl" 
LA: 4 Anelytlcel S...,lee 
IS: Water level• 

1. Docuwent water quality In lower LA: 4·8 Anelytfeel SMpln 
equffer 

2. Concentration of EPA TCL 8l"ld TAL 
per..eters 

1. Furtt..r ex•fne upper equtfer 
cont•lnetf on 

2. Pete for tr .. tlblllty ttudl .. 

Ex•fne for potentlel c:ont•lnetlon LA: 1D Analytical UIIIPln 
of private •ter ~ly well• 
aurrCUidfng tt.. site 

1. 1'11Ut to eonta.frwtt tr...,ort None 
IIOdel 

2. D.1ta to calculate fete eel 8l"ld 
transport 

3. Date to evetuete ,_.,fat 
et ternetlves 

Dete ... lfne tf eroding sedfllents ere LA: 5 Analytical 
• potentfel contMfnetfon rfslc 

( 
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Reference 

• 
Table 2 

(continued) 

Phase II Site Investigation S~ry 
Allerlcen Ch•fcal Services CERCLA Site 

Griffith, lndlens 

Anticipated IU!ber 
Activity letter Description Utilization of Oats of Investigation SPI!lea 

Sediment s...,lfng 

Aerial Photograph 

Field Par-ter 
Analysis 

Waste s...,l fng 

IS • lnsftu Analysts 

E 

F 

G 

H 

LA • Laboratory Analysis 
FA • Field Analysts 

VZ51QAPP2PJV 

Collect 5 neer surface soil/ 
aedl.nt a...,l .J 

Infrared color aerial photo telten 
of site 

Analyze grain size, and 
total orgenfc carbon 

Infrared color photo 

During gnudMter a...,le Field par-ter of 
collection, ..cte field .........nta 110nltorlne well wter 
Including t.-perature, pll, dlasolwd 
oxygen and redox potential 

Collect 20 additional waste/soil 
aMples 

Physical and ch•lcal 
extent of burled waste 

Deterwlree aorptlve prapertl" and LA: 5 Geotechnical ._., .. 
natural attenuation cepabll ltf" of 
wetland 

Wetland delineation 

Aid In ..... alng treatability 
of troundlllter 

Data for ~tlblllty and 
treatability evaluator 

None 

ISs 11 

LA: 20 
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GROUNDWATER SCREENING/SOIL GAS SAMPLING PROCEDURE SOP 
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APPENDIX 81 
GROUNDWATER SCREENING/SOIL GAS SAMPLING PROCEDURES 
TRACER RESEARCH CORPORATION 

.. 
A. METHOD 

Probes are driven into the ground by the hydraulic: 
pusher/puller mechanism. If there 18 concrete o~ pavement over a 
sample location, TRC personnel use a Kango hammer drill to drill 
a 1-1/2 • diameter hole through t.he surface material. This is 
useful for going through up to 2• of concrete or 10• of hsphalt. 
After 3-S probe volumes have been drawn through the probe:ualng a 
vacuum pump, a gas sample ia taken by a glass eyringe which ie 
inE;erted through a section of silicone tubing (leading to the 
pump) and into the stainless steel tubing in the adaptor (Figure 
2). Gaa sample• only contact eteel surfaces end ere never in 
contact with potentially 1orbing materials (i.e. tubing, hose, 
pump diaphragm). A V4cuum gauge monitor& the negative pressure 
in the evacuation line to assure that there is no impedance to 
gaR flow caused by clayey or water-saturated eoil1. 

Three 10 ml air samples are collected from each sampling probe 
after 1 to 4 rolnutea" of pumping. These 10 ml samples are 
suhsempled according to analytical requirements and replicates 
are injected into the ~a.e chromatograph for documentation or 
reproducibility. More than two injection• may be neceeeary where 
there are multiple c ··T\tarninants which require different sample 
sizes for chromatographic analysis. · TRC baa determined that 
reproducibility of soil gas samples from the eame probe is 

• typically within 20\ end always within a factor of two. This 
sampling error 1• well within the limits required to accurately 
1t1ap concentration c:ontoura in the vadose zone which normally 
range 3 to 6 orders of magnitude over a subsurface plume. 
Correlation coefficients between contaminant concentrations in 
soil gae and in groundwater are determined by sampling probes 
near existing roonitor welle and are interpreted on an order-of­
ma~nitude basle. 
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.. 

'SILICON( RUBBER TUSF. COtiN(CTION 

TO VACUI.IIrf PUMP 

.ADAPT£R FOR SAMPl/NC SOII.-6A$ PROt 

--ct~A/1 '17.18/NG $Lc£VE CONN(CT()II 
(t>ISI'OS.ABL£) 

SOIL-G.AS FLOW Dl/RING SA/.IPUN~ 

+---:-.-3/4 IN. (iALVANIZcO PIP£ 

FIGURE 1. SAMPLING APPARATUS 

1n. CLOSE-UP OF SYRINGE SOIL GAS SAMPLING THROUGH EVACUnTJQN LINE 

18. Ol~GRAM OF SOIL GAS SAM~LlNG PROBE WITH ADAPTOR ~On 

SAMPLlNG AND EVACUAiiON OF THE PROBE AFTER IT 1S 
DRIVEN INTO THE GROUND 
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Once sampling has been completed, the probe is withdrawn and 
backfilled with native eoll or granulated bentonite. Asphalt or 
concrete patch ia ueed to cap holes th~t have been driven through 
paved or concrete area a. ·· 

In the event the van cannot be driven to a ee.rnple location, 
sampling probes can be hand-pounded into place and sampled using 
remote or battery operated equipment. 

B. CHECKS FOR CONTAMINATION 
Prior to sampling each day, system blanks are run to chock 

the sampling apparatus (probe, adaptor, 10ec ayrinqe) for 
contamination by drawlnq ambient air from above ground through 
the system and comparing the analysis to a concurrently sampled 
air analysis. system blanks are repeated after approximately 
every 10 soll·~as aampling locations. 

c. SAMPLING EQUIPMENT. DECONTAMINATION 
Steel probes are used only once during the day and then 
washed with high pressure eoap and hot water spray or 
steam-cleaned to eliminate the possibility of cros•­
contamlnat1on. 42 probee are carried on each van to 
avoid the need to reuse any during the day. 
Probe edaptora (ateel reducer and tubing) are used once 
during the course of the day and cleaned at the end of eech 
working day by baking in the GC oven. The tubing ia replaced 
periodically as needed during the job to insure cleanliness 
and good fit. 
Silicone tubing (connecting the adaptor to the vacuum pump) 
is replaced as needed to insure proper sealing around the 
syringe needle. Thia tubing doee not directly contact soil 
gas sample&. 
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Trace,. Research Col"poratton 

AtUU~'ITICAL CHEMISTRY PROCEDURES 

A. METHOD 

Halocarbon and hydrocarbon compounds detected in eoll gas are 
1dentlf1ec1 by chromatographic: retention time. Verification of 
compound identity 1e obtained by chromatographic analysis vith 
columns of differing polarity and selectivity • 

Quantification of compounds ie achieved by comparison of the 
detector response of the sample with the response measured for 
calibration standards (external standardization). Instrument 
calibration checke are run periodically throughout the day a~ are 
1ystem blanks to check for contamination in the soil 9as aamplinq 
equipment. Air samples are also routinely analyzed to check for 
background levels in the atmosphere. 

p,·oprletary ~nodifications to the qas chromatograph allow 
direct aqueous injections of water for analysis. Results of both 
soil gas and water injection analysis are available to the site 
engineer within 30 ~inutes of aarople collection. 

B. CHECKS FOR CONTAMINATION 
2 cc subsampling syringes are checked tor contamination 
prior to sampling each day by injecting nitrogen carrier 
gaa into the gas chromato~raph 
Microliter eite aubsampllng syringes are reused only 
efter a nitrogen carrier gas blank is run to insure it is 
not contaminated by the previous sample 

C. ANALYTICAL EQUIPMENT CALIBRATION 
At the beginning of each day, atandarde are analyzed to 

calJbrate the analytical equipment and determine dally response 
factors. Chemlcal atandarde are prepared in water from 
commercially available pure standards etored in methanol. Prior 
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to running standards, ~ater for standards is analyzed for purity~-.4 
At least three standard injections are analyzed until resultant 
responses fall within 25\ of each other. Response factors are 
then calculated based on these atandard responses. Standards are 
repeat~d after every 5 samples to verify response. 

D. ANAT1YTICAL PROCEDURES 

Samples are collected 1n 10 ml qlasa syringes and eubsempled 
for analysis in volumes ranging from 1 ul to 2 ml. Injection 
volume is varied to insure that resultant masses of analyte fall 
within the linear response range of dally standards. All 
suhsampling eyringes and needles are used only once before 
decontamination. 

!. DETECTION LIMITS 
! Detection limite are a function of the injection volume as 

well as the detector sensitivity for individual compounda. Thua, 
the detection limit v~rlee wltb the sample site. Generally, the 
larger the injection aize the greater the aenaltivity. However, 
peaks for compounds of interest must be kept within linear range 
ot the detector. If any compound haa a high concentration, it is 
necessary to use small injections, and in aome caees to dilute 
the sa_mple to keep it. within linear range. rhia may cause 
decreased detection limite for other compounds in the enalyses. 
The detection limite range down to 0.01 ug/L 1n soil gas for 
compounds such aa benzene and 0.00005 uq/L in soil gas for 
compounds such as carbon tetrachloride depending on the 
conditions of the measurement, in particular, the sample size. 
If any component bein9 analyzed la not detected, the detection 
1 imlt for that compound in that analysis 1s given as a •less 
th~n· value (e.g. <0.1 ug/1). Thia number 1• calculated from the 



--~- ~~~ -~-~---- -~ 

r-
• •-
: 
• • 
.. 
• . 

. 
• 
• 
-• 
1 .. 

1 
1 

t 
.1 

J 

] 

] 

J 

l 
J 

~-"' 
,J 

.-"'\ 

0 

Tracer Rese•rch Cdrporation 

DOCUMENT~TIOH 

A numbering system for soil gaa is established prior to 
sampling and rematne consistent throughout each phase of en 
investigation. Because chemical analyses are p~rformed on-site, 
conventional chain of custody protocols are ··unnecessary, ~ There 

arc no soil gas samples to loose or preserve. Water samples ere 

immediately labeled with the date, time, depth and \location 

number of each probe. The probe location number ia entered on 
each chromatogram and verified by T~C'a field personnel. The GC 
operator ia responsible for checking and ~nterpreting each day's 
chro/Tiatograma, The field assiatant is responaible for plotting 
probe locatlona on the .map and entering the date, time end 
locllt1on number of sampling pointe into the log book. 
Calculation• of contaminant concentrations for each probe 

location are compiled on TRC data aheete by the GC operator and 
checked by the field assistant. The standards and response 

factors used for calculations will be present on the eame shcot 
with the aample data calculated from them. Each time during the 

investigation that the instrument ia r~calibrated, a new data 

sheet will be etarted. Thue, it will always be clear which 

standards are used for each calculation. 

A. FIEI.O DATA SKE!TS 

An example field data sheet ia attached to ehow how all 

pertinent information is recorded. The data aheeta were designed 
to contain all the information needed to access the original 

chromatograms and to check every aspect of the calculations. The 
documentation as well as other OA procedures have been developed 
to eatl•!y the needs of !PA Superfund and other investigations 
whore it 11 anticipated that the data roay be exposed to legal 

scrutiny. 
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8. CHROMATOGRAMS 

The GC operator will document each eet of chromatograms with 
the following information: 

1 • 
2 • 
3. 

4. 

s. 

6. 
7. 

Gas flows for H2, N2, and air 
Tank pressures for H2, N2, and air 
Temperatures 
a. injector 
b. column 
c. detector 
Integrator Parameters 
a. injector 
b. peak marker• 
c. baseline offset 
Column 
a. type 
b. length and diameter 
e. packing material 
d. temperature 
Operator 
Date 

.. 

If any syetem parameters change, the GC operator will document 
on the chromatograms that the changes occurred, and will list the 
actual changes on the ehromatograms. 

C. LOG BOOK 

The field operator assistant will ~intain a daily log book as 
well as individual field logs for each eample location r~~ordlng 
the following information for eaeh sample location: 

1. Time (military notation) and.weatber 
2. Ambient air and soil temperature 
3. Sample number (determined by client) 
4. Location (keyed to ~apped location supplied by client 

and an approximate description, including street name) 
Sampling depth s. 

6. 
7. 
8. 
9. 

10. 

Evocuation time between eamples 
Flowrate (millllitera per minute) 
Probe and adaptor numbere and volume of the sample probe 
Number of sampling points used 
Observations (including, but not limited to: ground 
conditione, concrete, asphalt, soil appearance, aurface 
water, odor a and vegetatlon) · 

11. Backfill procedure and material• 
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Actual sample location marked on the lite map (1 inch c 

300 feetl provided by client · 
Barometr c preesure 
Relative degree at condensation in duplicate sample 
container 

DAlLY ,EPORT .. 
Two hours before the end of each day's work, the GC operator 

supplies the on-eite client representative with a condensed copy 
of the day'e analyses plue condensed data for the previous day'• 
work.. 'l'hle data, in addition to a map of the sample locat1ona, 
will constitute TRC'a daily report to the client. 

QUAI,JTY ASSURANCE/QUALXTY CONTROL PROCEDURES 

Tracer Research Corporation baa a complete Quality 
Assurance/Quality Control Program for ita eoll gae contAminant 
lnveatlgatlon aerv1eee. Included aa part o( tbll 11 a full Field 
Operation Manual vith very detail QA/QC procedures. The tteps 
outllncd below aummarl2e TRC'• overall QA/QC program. 

If needed a eli~nt can be pr?vid~d wltb docu~ontetlon 

dctelling the entire program. 

Re~eable Sampling Equipment 
• Steel probea are used only once during the day and then 

weshed with high pressure eoap and hot water epray or 
ateam-cleaned to eliminate the possibility of cross­
contamination. 42 probes are carried on each van to avoid 
the need to reuse any during the day. 

• Probe edaptora (steel reducer and tubing) are used once 
during the eourae of the day and cleaned at the end of each 
working day by beklng in the GC oven. ~he tubing 1• replaced 
periodically a$ needed during the job to insure cleanliness 
and good fit. 
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Silicone tubing (connecting the ed&ptor to the vacuum pump) 
is replaced as needed to insure proper eealing around the 
syringe needle. Thie t~bing does not directly contact soil 
g11e •amplee • 
Glaee syringes are usually used for only·one sample per dey 
and ere washed end baked out at nlgbt. If they ~uet be 
used twice, they are purged with carrier gaa (nitrogen) and 
baked out between probe eamplings. 
Septa through which soil gas samples are injected into the 
chromatograph are replaced on a dally basi• to prevent 
possible gae leeke from the chromatographic column. 
Analytical instruments are calibrated each day by the use 
of chemical etendards prepared in water by aerial dilution 
from commercially available pure chemical•. Calibration 
chocka are aleo run after approximately every five soll 9a1 
sampling location•. 
2 cc sampling eyrinqee are checked tor contamination prior 
to eemplin9 each day by injecting nitrogen carrier gas into 
the gas chromatograph 
Prior to sampling eacb day, system blanks ere run to check 
the sampling apparatus (probe, edaptor, 10 cc ayrlnge) for 
contamination by drawing ambient' eir from above ground 
through the eyetem end comparing the analyele to a 
concurrently sampled alr analyale. System blanke are 
repeated after approximately every 10 soil gas aamplinq 
locatlona. 
All sampling end 2 cc aubsampling ayrlngee are decontam­
inated each day and no &uch equipment ia reused before 
being decontaminated. Microliter ei2e eubsampling syringes 
are reused only after a nitrogen carrier gas blank is run 
to insure it 11 not contaminated by the previous sample. 
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Soil gaa pumping ia monitored by a vacuum gauge to ineure 

that an adequate gaa flo~ froR the vadose zone 1a 

maintained. A negative pressure (vacuum) of 2 in. Hg lees 

than the maximum capability of the pump (evacuation rate 

>0.02 cfJn) usually indicates that a reliable gae eample 

cannot be obtained because the soil baa a very low air 

(>ermeob11lty. 

All contaminated sampling equipment (probes, adaptors, 

syringee) 11 etored 1eparately from clean equipment t~ 

prevent cross-contamination and accidental re-uee. 
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GENERAL INFORMATION 
Introduction 

The ORION Model SA 230 is a portable battery-operated 
digital pH meter for f.eld, plant or laboratory use. It is 
designed for ver~tile, easy operation, and can be used 
in or out of the accompanying carrying case. The instru· 
ment is lightweight and designed to fit comfortably into 
lhe hand. All controls are on the meter face which affords 
one hand calibration. 

The instrument measuring range is -1999 to + 1999 mV, 
and pH is displayed to two decimal places. The meter 
has a large easy to read LCD display. 

Instrument Description See Figure 1. 

1 On/Off switch Slide switch controls power to meter. 

2 LCD display Model SA 230 automatically displays 
data in large numerals with negative polarity sign 
and decimal point. pH values are displayed .from 
0 to 14 with 0.01 pH unit resolution. Millivolt range 
is -1999 to + 1999. Dissolved oxygen is measured 
from 0 to 14 ppm when meter is used with. 97-08 
Oxygen Probe. Temperature is displayed in °C with 
0.1 °C resolution. 

3 Mode Control Provides operator with choice of 
sample measurement in either pH or mV mode, and 
temperature in °C. 

4 Calibration Control Used to standardize the 
meter/electrode system in buffers of known pH. 

5 Temperature/slope Control Compensates for 
variation in electrode slope or solution temperature. 

6 EJectrode Connections Accepts BNC connector 
from combination electrodes and pin tip jack availa· 
ble for use with separate haW-cell reference electrodes. 
Accepts standard ATC Banana plug connector. 

6 
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Figure 1 
Face of the SA 230 
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INSTRUMENT SET-UP 

Support Rod 

1. Attach support rod base to side of meter carrying 
case and tighten clamp screw. 

2. Insert support rod into base. Tighten by turning rod 
clockwise. 

3. Attach electrode holder to top of support rod. 

Figure 2 
Model SA 230 and accessories 
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Figure 3 
Support rod and clamp 

support 
rod 

support rod 
base 
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Power Source 

ORION Model SA 230 operates on one non-recharge­
able 9·volt alkaline batlery. Optional AC ~ne adapters 
are available for both 110 and 220 volt mains. Refer 
to ACCESSORIES, page 7. 

Battery Installation See Figure 4. 

1. Remove access panel on the back of meter. No tools 
are required, simply slide cover towards bottom of 
meter. 

2. Attach battery connector clip of meter to batteryter· 
minals, install battery and replace access panel. 

Figure 4 
Rear access panel removed 
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Electrode Connections 

1. Attach electrodes with BNC connectors directly to 
the top or the meter. Aerer to Figure 5. 

2. Attach electrodes with U.S. Standard connectors, 
using ORION Cat. No. 090033 U.S. Standard to 
BNC adapter. See Figure 6. 
If using a combination electrode, electrode connec· 
tion 4 is not used. 

Figure 5 
Electrode connections 

Legend 

1 AC line adapter 

2 A TC probe connectors 

3 BNC connector 

4 reference pin-tip connector 

4 

Figure 6 
U.S. Standard connector to BNC adapter 

Meter Check-Out Procedure 

1. Slide power switch to ON position. 

2. If using optional AC line adapter, connect it to meter 
and appropriate power source. Proceed to step 4. 

3. Slide mode switch to pH. If LO BATT indicator on 
LCD remains on, battery must be replaced. 

4. Attach BNC shorting plug (ORION Cat. No. 090045) 
to BNC connector on top of meter. Slide mode 
switch to pH. Adjust calib knob to read a steady 
7.00. If this cannot be done, refer to TROUBLE­
SHOOTING, page 6. 

5. Remove the shorting plug. After successful comple­
tion of steps 1-4, the meter is ready for use with an 
electrode. 
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pH Measurements 

Single Buffer Standardization (Without ATC) 

1. Sample and buffer temperature must be equal. Set 
temp/slope control to buffer temperature (0 C). 

2. Place electrode in a buffer solution with pH value 
within 1.5 units of the expected sample value and 
stir moderately. 

3. Slide mode switch to pH. Allow reading to stabilize. 
then adjust calib control so that correct buffer value 
at that temperature is displayed . 

4. Remove electrodes from the buffer solution, rinse, 
and place electrodes into sample. Stir moderately. 
Allow reading to stabilize. 

5. Record pH value displayed. 

Figure 7 
SA 230 meter set up for sample measurement 

Single Buffer Standardization (With ATC) 

The ATC probe replaces the manual temp/slope con­
trol on front panel with automatic compensation based 
on sensed sample temperature. 
1. Plug ATC probe into input jacks. Slide mode switch 

to temperature. Verily that ambient temperature is 
displayed. 

2. Place electrodes in a buffer solution with pH value 
within 1.5 units of the expected sample value and 
stir moderately. 

3. Slide mode switch to pH. Allow reading to stabilize. 
then adjust calib control so that pH value of buffer 
is displayed. 

5 

4. Remove electrodes from the buller solution, rinse, 
and place electrodes into sample. Stir moderately. 
Allow reading to stabilize. 

5. Record pH value displayed. 

Two Buffer Standardization (Without ATC) 

NOTE: For maximum accuracy, perform a two but· 
fer calibration once at the beginning of each day. 
This procedure provides the correct seUing for 
temp/slope control. Subsequent measurements 
are made after a single buffer call~ratlon. 

1 . Sample and buffer temperature mu)tt be equal. Set 
temp/slope t;entrol to buffer temperature (0 C). 

2. Place electrode in pH 7 buffer and stir moderately. 

3. Slide mode switch to pH. Allow reading to stabilize, 
then adjust calib control so that correct buffer value 
at that temperature is displayed. 

4. Remove electrode from the buffer solution, rinse, 
and place electrode in second buffer. Stir moder­
ately. Allow reading to stabilize. 

5. Adjust temp/slope control until correct value of se­
cond buffer is displayed. Remove electrode from 
solution, rinse and place electrode in sample. Stir 
moderately. Allow reading to stabilize. 

6. Record pH value displayed. 
NOTE: If sample temperature differs significantly from 
the buffer temperatures used to calibrate. an adjustment 
can be made. Raise or lower the temp/slope control 
from its current set ling, described in step 6, by the dif­
ference between the actual buffer temperature and the 
sample temperature. For maximum accuracy use A TC 
probe. 

Two Buffer Standardization (With .•. TC) 

1. Plug ATC probe into input jacks and adjust 
temp/slope control knob to 25°C. Slide mode 
switch to temperature. Verify that ambient 
temperature is displayed. 

2. Place electrodes in pH 7 buffer and stir moderately. 

3. Slide mode switch to pH. Allow reading to stabilize. 
then adjust calib control for correct display value. 

4. Remove electrodes from the buffer solution, rinse, 
and place electrodes in second buffer. Stir moder­
ately. Allow reading to stabilize. 

5. Adjust temp/slope control until correct value of se­
cond butter is displayed. Remove electrodes from 
solution, rinse and place electrodes in sample. Stir 
moderately. Allow reading to stabilize. 

6. Record pH value displayed. 

-·. 

._,. 
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Potentiometric Measurements 

Potentiometric titrations are performed in mV mode 
u$ing either ion selective or redox electrodes with BNC 
connectors. Detailed instructions for any ORION elec­
trode are given in the electrode instruction manual. Titra­
tion instructions are included in ORION Redox Elec· 
lrode (Model96· 78) Instruction Manual, or in standard 
analytical chemistry texts. U.S. Standard to BNC. 
adapters are available from ORION (Cat. No. 090033). 

;;;;J TROUBLESHOOTING GUIDE. 

The following section covers troublesh9Qting that can 
be performed without special tools or skills. The ORION 
Technical Service Personnel can be consulted for 
troubleshooting advice by calling 1·800-225-1480 or 
617-864-5400. Outside North America contact your 
local authorized ORION Representative. 

Malfunction Possible Cause 
No Display No power to meter 

More than one decimal 
displayed 

mode switch is between 
positions 

Erratic readings or drift. 
Readings out of range. 

loc..:trode failure 

6 

Dissolved Oxygen Measurement 

Dissolved oxygen measurements are displayed in ppm 
when ORION Model97 -08·99 Dissolved Oxygen Elec· 
trode is used with Model SA 230. Follow the instructions 
in the electrode manual. Be sure to set meter mode 
switch to pH. 

Remedy 

Check that switch is in ON position. 

Replace battery. 

Check that adapter is receiving power 
and is plugged in securely. 

Adjust switch to proper position. 

Follow meter checkout procedure. If 
meter okay, check electrode. 



I 
L 

; 
I 
'-

! 
• 
.i. 

_ _...,- ...._..._,._.-

INSTRUMENT WARRANTY 

ORION RESEARCH INCORPORATED warrants this 
instrument will operate for one year from the dale or pur· 
chase when used under normal laboratory conditions, 
and in accordance with the operating limitations and 
maintenance procedures given in the instruction 
manual. In the event of failure within the warrant period, 
ORION, or its Authorized Dealer, will, at ORION'S op­
tion, repair or replace the non-conforming instrument 
at no charge to the customer. 

THE WARRANTY DESCRIBED ABOVE IS EXCLUSNE 
AND IN LIEU OF ANY OTHER WARRANTY, 
WHETHER STATUTORY, EXPRESS OR IMPLIED, IN· 
CLUDING BUT NOT LIMITED TO, ANY IMPLIED 
WARRANTY OF MERCHANTABILITY OR FITNESS 
FOR A PARTICULAR PURPOSE AND ALL WARRAN· 
TIES ARISING FROM COURSE OF DEALING OR 
USAGE OF TRADE, EXCEPT TITLE. THE BUYER'S 
SOLE AND EXCLUSIVE REMEDY IS FOR REPAIR, OR 
REPLACEMENT OF THE DEFECTIVE INSTRUMENT 
OR PART, OR REFUND OF THE PURCHASE PRICE; 
BUT IN NO EVENT SHALL ORION (ITS CONTRAC· 
TORS AND SUPPLIERS OF ANY TIER) BE LIABLE TO 
THE BUYER OR ANY PERSON, IN CONTRACT OR 
IN TORT (INCLUDING NEGLIGENCE) FOR SPECIAL, 
INDIRECT, INCIDENTAL OR CONSEQUENTIAL 
DAMAGES. 
Representations and warranties made by any person, 
including dealers, representatives and employees of 
ORION, which are inconsistent or in conflict with the 
terms of this warranty shall not be binding upon ORION 
unless in writing and signed by one of its officers. 

REPAIR AND SERVICE 

A Return Authorization Number must be obtained from 
ORION Laboratory Products Customer Service before 
returning any product for in-warranly repair, replace­
ment or credit. Contact ORION by calling 
1-800-225·1480 (USA outside Mass.)or 617-864-5400. 
Outside the USA and Canada consult your local in­
country, authorized ORION sales agenVdistributor for 
product service information. 
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OPTIONAL ACCESSORIES 

Cat. No. 
815600 

9104BN 

910600 

912600 

913600 

915600 

9162BN 

9163BN 

910004 

910007 

910009 

910104 

910107 
910110 

Qescrlptlon 
Rosss epoxy body, bulb guard combina· 
tion pH electrode 
Laboratory grade combination pH alec· 
trode (BNC connector) 
GX-series epoxy body, gel-tilled com· 
bination pH electrode (BNC connector) 
'GX-series epoxy body, gel-filled flask 
combination pH electrode (BNC 
connector) 
GX-series epoxy body, gel-filled flask 
combination pH electrode (BNC 
connector) 

AX-series refillable, epoxy body com· 
bination pH electrode (BNC connector) 
Combination pH electrode with rugged 
bulb (BNC connector) 
Combination pH electrode with needle 
shape (BNC connector) 
pH 4 buffer packets, box or 25 packetS, 
each packet making 200 ml of buffer 
pH 7 buffer packets, box of 25 packets, 
each packet making 200 ml of buffer 
pH 9 buffer packets, box of 25 packets, 
each packet making 200 ml or buffer 
pH 4.01 buffer, 475 ml bottle 
pH 7.00 buffer, 475 ml bottle 
pH 10.01 buffer, 475 ml bottle 

970899 . Dissolved oxygen electrode 
910002 Electrode holder 
917001 

917002 

090033 

090045 
020120 
020121 

020041 

020042 

020043 

020044 

020045 

Automatic temperature compensator -
epoxy outer body 

Automatic temperature compensator -
glass outer body 

U.S. Standard to BNC connector adapter 

Shorting plug 

11 OV AC line adapter 

220V AC line adapter 
Shoulder strap and meter holder for 
hands free operation 
Carrying case with foam insert, without 
meter or accessories 

Support rod and guide 
Accessory pack includes two 60 ml bot· 
ties and one 150 ml beaker 
Electrode rod stand for bench·top meter 
use outside carrying case 
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SPECIFICATIONS 

Model SA 230, ORION Cat. No. 023000 portable pHI 
mY/temperature meter for hand held and bench top use. 
Digital, LCD meter comes in carrying case with combina· 
lion pH electrode, A TC and accessories, ready for 
immediate use. 110 and 220 volt adapter(s) available for 
AC ~neuse. 

Modes 
pH, mV, temp, 0 2 (with 0 2 probe) 

pH range 
pH 0 to 14 

pH resolution 
0.01 

mV range 
-1999to + 1999 mV showing negative polarity sign 

mV resolution 
1 mV 

Temperature compensation 
Automatic and manual 

Sample temperature range 
-5 to 105°C 

Resolution of sample temperature 
0.1°C 

Input Impedance 
> 100,000 megohms 

Instrument drift 
<50 microvolts/°C 

Input bias current 
< ± 1 pico amp at 25 °C and < ± 4 pico amps over full 
operating range 

Environmental requirements 
5 to 45°C and 5 to 800fo relat~e humidity, ~ng 
lsopotentlal point 
pH 7 (fixed) 

Power requirement 
- One 9 volt battery. Optional11 0 or 220 volt 6ne adapler(s) 

available for AC fine use. 
Inputs 
BNC combination and separate pin tip reference jack 

Meter dimensions 
14 em X 14 em X 4 em 

Meter weight 
0.5 kg 

Meter case 
Splash-proof, chemical resistant 

Carrying case dimensions 
38.1 em x 27.9 em x 11.4 em 

Carrying case weight 
1.8 kg 
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NOTICE OF COMPLIANCE 

This meter may generate radio frequency energy and 
if not installed and used properly, lhat is, in strict accor· 
dance with the manufacturer's instructions. may cause 
interference to radio and television reception. It has 
been type-tested and found to comply with the limits 
for a Class 8 computing device in accordance wilh 
specifications in Subpart J of Part 15 of FCC Rules, 
which are designed to provide reasonable protection 
against such interference in a residential installation. 
However, there is no guarantee that interference wiH 
not occur in a particular installation. If the meter does 
cause interference to radio or television reception. 
which can be determined by turning the unit off and 
on, the user is encouraged to try to correct the in· 
terference by one or more of the following measures: . 

- Reorient the receiving antenna. 

- Relocate the meter with respect to the receiver 

- Move the meter away from the receiver. 

- Plug the meter into a different outlet so that the meter 
and receiver are on different branch circuits. 

It necessary, the user should consult the manufacturer 
or an experienced radio/television technician for addi· 
tiona! suggestions. The user may find the following 
booklet prepared by the Federal Communications 
Commission helpful: 

·How to Identify and Resolve Radio-TV Interference Pro­
blems.• 

This booklet is available from the U.S. Govemment·Prin· 
ting Office. Washington, D.C. 20402. Stock No. 
004-000-00345·4. 
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ORION 
Laboratory Products Group 
Orion Research Incorporated 
840 Memorial Drive. Cambridge. MA 02139 
Call toll-free 800-225-1480. In MA call 617-864·5400. 
In Europe: Orion Research AG 
Fahnlibninnenstrasse 3. CH-8700 Kusnacnt. Switzerland 
Telephone 01·910 7858. Telex 57829. 
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Platinum Combination Electrode 

Catalog No. 13-639-82 

The Fl.Sher platinum combination electrode combines a 
silver/silver chlnride reference element and a olatinum-wire 
indicating element in a single probe. This ''dual element" 
configuration eliminates the need for two separate 
electrodes and is especially applicable to measurements in 
narrow-neck flasks and other restricted-entry receptacles. 
The platinum combination electrode is recommended for 

use with automatic titrators and similar electroanalytical 

~
. ent. The close physical proximity of the porous-plug 

~ ':.:, junction to the platinum-wire indicator section results 
i& · ctuced resistance between these elements and 

'lduces a rapid dynamic response for both redox 
'- ~asurements and potentiometric titrations. Additionally, 
the electrode is ideally suited for any application that 
involves the measurement of oxidation-reduction poten­
tials or requires the use of a "noble metal" sensor. 
The electrode measures 5 inches with a 30-inch lead, and 

functions over a - s· to 11 o·c temperature range. The 
filling solution is 4M KCI saturated with AgCI (Fisher No. 
So-P-135), and flow rate at the junction is less than 8 ,...1 per 
hour at an 8 em head. Reference output is 44!: lmV vs. 
S.C.E .• while junction resistance is less than 10K ohms. 

INSTALLATION 

Place the platinum combination electrode into service as 
follows: 

1. Remove cap from supplied filling-solution bottle, and 
screw on dispenser spout. • 

~ Lower rubber sleeve on electrode body until filling hole is 
~~posed, and fill reference cavity with electrolyte until 
· -~eniscus reaches a level approximately YA-inch below 

filling hole. 
NOTE: Always use 4M KCI solution saturated with AgCI 
(Fisher No. So·P-735) as the electrolyte. NEVER USE 
SATURATED KCI FILLING SOLUTION. 

3. Place electrode upright in empty beaker to permit filling 
solution to wet and flew through porous plug, as 
evidenced by formation of KCI crystals on outer surface 
of plug. 

NOTE: If no flow is observed within 30 minutes, or if 
response is unsatisfactory during an analysis. soak 
electrode in dilute KCI (0.1 M) for several hours, and 
then perform the following procedure: 
•· Hold electrode (cap up) at a 45• angle between thumb 

and forefinger on left hand. so that filling hole faces out 
and is directly opposite base of thumb. 

b. Insert dispensing spout into filling hole. 
c. Make sure that electrode is supported by base of 

thumb. then firmly press spout into filling hole to make 
an airtight seal. 

NOTE: Normalfy, spout tip will not touch internal 
element; while applyrng pressure. however, care 
should be exercised to prevent contact. If necessary, 
cut off a portion of the tip. 

d. While maintaining seal. squeeze filling bottle firmly so 

that electrode becomes pressurized. 

NOTE: A bead of h'quid should form at liquid junction 
in about 30 seconds; in some cases. however, it mey 
be necessary to maintain pressure for several 
minutes. If flow cannot be established, refer to 
REJUVENATION section. 

4. Mount electrode on suitable holder and connect jacks to 
pH meter. 

OPERATION 

For optimum operation with the platinum combination 
electrode, observe the following general procedures: 

1. Rubber sleeve should always be lowered on electrode 
body to expose filling hole and permit proper electrolyte 
leakage. 

2. Level of electrolyte must always be maintained above 
surface of sample solution to avoid backflow of sample 
into electrolyte. Refill reference cavity as required. 

3. After removing electrode from one solution and before 
immersing in another. the outer surface should be rinsed 
with distilled water. 

STORAGE 

When not in use. store the platinum combination electrode 
as follows: 

1. Slide rubber siP.eve into position over the fiUing hole. 
2. Place supplied cot over tip of electrode by threading 

platinum wire through opening and sliding cot onto glass 
body until porous plug is completely covered. 

REJUVENATION 

Rejuvenation of the platinum combination electrode may 
onty reGuire a simple cleaning. Occasionaily. a more 
thorough cleaning is required. or the porous-plug junction 
may have to be unblocked. Each is covered separately 
below. 

Simple Cleaning 
A simple cleaning of the electrode is done as follows: 

1. Wash electrode surface with a good detergent 

NOTE: RBS·25 detergent (Fisher No. So-C-187) is 
recommended. 

2. Polish platinum wire with scouring powder. 
3. Rinse electrode thoroughly with distilled water. 

Thorough Cleaning 
For a more thorough cleaning. perform the following: 

1. Connect tip of large cable plug to negative terminal of a 
22V dry cell, then immerse tip of electrode in a 1 N 
solutron of hydrochloric acid. 

2. Similarly connect a platinum or graphite electrode to 
positive terminal of dry cell and immerse tip of electrode 
in same solution. 

NOTE: Hydrogen will evolve rapidly, and the metallic 
electrode wrlf be cleaned by electrolysis in 5 to 10 
seconds. 

3. After cleaning. disconnect both electrodes and rinse 

Instrument Manufacturing Division Fisher Scientific Company 0 
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each with distilled water. 

Unblocking the Junction 
If the liquid junction should become partially blocked. 
perform the following: 

1. Inspect reference cavity for crystallization. 
2. If crystals are evident, proceed as follows: 

a. Remove filling solution by shaking it out through fiRing 
hole. 

b. Rinse cavity repeatedly with distilled water until aU 
crystals are disofved. 

c. Refill cavity with fresh 4M KCI solution saturated with 
AgCI (Fisher No. So-P-135). 

CAUTION: Never use saturated KCI as the electro­
lyte. 

d. Repeat all of step 3 under INSTALLATION. 
3. If difficulty persists. perform the following in sequence 

depending upon the severity of the blockage: 

a. Soak electrode overnight in dilute KCI (0.1 M). 
b. Boil junction in dilute KCI for 5 to 10 minutes. 
c. Carefully sand or tile the porous plug junction. 

Electrode Instructions E-11 
Revised and Published 4-78 
Fifth Issue (8-0316-08) lilho in U.S.A. 
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INSTRUCTION MANUAL 
YSI MODELS 54ARC AND 54ABP 

DISSOLVED OXYGEN METERS 

1 .•••••• 
::::::: Scientific Division ... , .... 

;•••. -·; Yellow Springs Instrument Co .• Inc. 
:.roJ: Yellow Springs. Ohio 45387, U.S.A. • Phone 513·767·7241 

PRICE INCLUDING HANDLING $5.00 
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SUMMARY OF OPERATING INSTRUCTIONS 
1. CALIBRATION 

A. Switch instrument to OFF and adjust meter mechanical zero. 
B. Switch to RED LINE and adjust. 

u 
C. Prepare probe for operation, connect to instrument. wait up to 15 minutes 

for probe to stabilize. Probe can be in calibration chamber or ambient air. 
D. Switch to ZERO and adjust to "0" on mg/1 scale. 
E. Switch to TEMP and read on °C scale. 
F. Use probe temperature and true local atmospheric pres!:ure (or feet above 

sea level) to determine calibration values from Tables I and II. (See 
pages 14 and 1 5). 
EXAMPLE: Probe temperature • 21 •c: Altitude • 1000 feet. From 
Table I the calibration value for 21 °C is 8.9 mg/1. From Table II the 
altitude factor for 1000 feet is approximately .96. The correct calibration 
value. then. is: 

8.9 mg/1 X .96 factor • 8.54 mg/1 
G. Switch to 0-10 or 0·20 mg/1 range and adjust meter with CAL control to 

calibration value determined in Step F. 
NOTE: It is desirable to calibrate probe in a high humidity environment. 
(See calibration section for more detail). 

2. MEASUREMENT 
A. Place probe in sample and stir. 
8. Allow sufficient time for probe to stabilize to sample temperature and dis_. 

solved oxygen. 
C. Read dissolved oxygen on appropriate range ( 1-1 0 or 0-20 mg/1) 
D. We recommend the instrument be left on between measurements to 

avoid the necessity to repolarize the probe. 

3. GENERAl CARE 
A. Recharge batteries in the YSI Model 54ARC when the instrument can no 

longer be red lined. Recharge 16-20 hours. Replace with Burgess CD-6 or 
equivalent. Replace baneries in the YSI Model 54ABP when red fine can­
not be set with Panasonic UM-2N or equivalent. 

8. Membranes will last indefinitely. depending on usage. Average replace· 
mentis 2-4 weeks. Probe should be stored in humid environment to pre· 
vent drying out 

C. Calibrate daily. 

l 
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)ENERAL DESCRIPTION · ·. 
The YSI Models 54ARC and 54ABP Dissolv~td Oxygen Meters are inteU 

:>r dissolved oxygen and temperature measurement in water and wastewater 
pplications. but are also suitable for use in certain other liquids. Dissolved Ox· 
gen is indicated in mg/1 (milligrams per liter) on 0·1 0 and 0-20 mg/1 scales. 
emperature is indicated in °C on a ·S0 to +45°C scale. Both dissolved oxygen 
anges are automatically temperature compensated for solubility of oxygen in 
vater and permeability of the probe membrane. 

The probes use Clark-type membrane covered polarographic sensors with 
>uilt-in thermistors for temperature measurement and compensation. A thin. 
>ermeable membrane stretched over the sensor isolates the sensor elements 
rom the environment. but allows oxygen and certain other gases to enter. When 
J polarizing voltage is applied across the sensor. oxygen that has passed through 
:he membrane reacts at the cathode. causing a current to flow. 

The membrane passes oxygen at a rate proportional to the pressure difference 
across it. Since oxygen is rapidly consumed at the cathode. it can be assumed 
that the oxygen pressure inside the membrane is zero. Hence, the force causing 
the oxygen to diffuse through the membrane is proportional t• the absolute 
pressure of oxygen outside the membrane. If the oxygen pres·.ure increases. 
more oxygen diffuses through the membrane and more current flows through 
the sensor. A lower pressure results in less current. 

Power to operate the system is provided by internal batteries in the in­
struments. rechargeable batteries in the YSI Model S4ARC and disposable 
batteries in the YSI Model S4ABP. 

iPECIFICATIONS 

2 

I. Instrument 
Oxygen Measurement 

Ranges: 0-10 and D·20 mg/1 (0·5 and 0·10 mg/1 with YSI 5776 High 
Sensitivity Membrane) 

Accuracy: ± 1% of full scale at calibration temperature 1±0.1 mg/1 and 
0·1 0 scale I. 

RoadalJility: .05 mull on 0-10 scalo; 0.1 mg/1 on 0-20 scale. 

Temperature Measurement 

Ranges: ·S 0 to +45°C 
Accuracy: ± 0. 7 °C. including probe 
Readability: 0.25°C 

Temperature Compensation 

± 1% of D.O. reading for measurements made within ±soc of calibration 
temperature. 
± 3% of D.O. reading over entire range of -5 to + 45°C Probe temperature. 

System Response Time 

Typical response for temperature and D.O. readings is 90% in 10 seconds 
at constant temperature of 30°C with YSI S77S Membranes. D.O. 
response at low temperature and low D.O. is typically 90% in 30 seconds. 
YSI 5776 High Sensitivity Membranes can be used to improve response 11 

. ~ .. ·-· . ._, ... 
low temperature and low D.O. }.f?~entrations. If response time under any 
operating conditions exceeds ~minutes. probe service Is indicated. 

Operating Temperature Range 

Instrument and probe operating range is ·2° to +4S•c. large ambient 
temperature changes will result in 2% loss of accuracy unless Red line end 
Zero are reset. 

Recorder Output 

0 to 114·136 mV. Recorder should have 50.000 ohms minimum input im· 
pedance. 

Power Supply 

YSI Model 64ABP: (4) 1.6 volt carbon zinc batteries provide approximately 
1000 hours operation. Replace with Panasonic UM·2N or equal. 

YSI Model 54ARC: (41 1.2S volt Ni-Cad rechargeable cells (Burgess CD-6 
or equall provide approximately 100 hours of operation between charges. 

II. Probe 

Cathode: Gold 
Anode: Silver 
Membrane: .001" FEP Teflon (.OOOS" FEP Teflon available) 
Electrolyte: Half Saturated KCI 
Temperature Compensation: (See SPECIFICATIONS. I. Instrument) 
Pressure Compensation: Effective 1/2% of reading to pressures of 100 psi 
(230 h. water) 
Polarizing Voltage: 0.8 volts nominal 
Probe Current: Air at 30°C "" 19 microamps nominal 

Nitrogen at JO•C • .1S mieroamps or less 

Ill. Accessories and Replacement Parts 

VSI 5720A - Self Stirring B O.D. Bottle Probe 
YSI 5 750 Non ~tirring B.O.D. Bottle Probe 
YSI S 739 - Oxygen Temperature Probe for field use. Combine with one 

of the following cables for desired lead length: 
YSI S40 1 - Battery Charger Eliminator 115V 
YSI 5402 - Battery Charger Eliminator 230V 

Detachable leads for use with YSI 

YSI 5740-10 
YSI S740·25 
YSI 5740-SO 
YSI 5740-100 
VSI 5740-150 
YSI 5740-200 

5739: 

10' cable 
2S' cable 
50' cable 

100' cable 
150' cable 
200' cable 

YSI 5492A- Battery Pack Operetts YSI 5791A and 5795A Submersible 
Stirrers 

( 3 
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YSI 5 791 A - Submersible Stirrer for field use 

YSI 5795A - Submersible Stirrer for field use 

YSI 5075A - Calibration Chamber for use with field probe 

YSI 5890- Carrying Case 

u 
YSI 5 77 5 - Membrane and KCI Kit. Standard - includes 2 each 15-

membrane packets 1.00 1" thick standard membranes) and a 
30 ml bottle KCI with Kodak Photo Flo. 

YSI 5 776 - Membrane and KCI Kit. High Sensitivity - includes 2 each 
15-membrane packets (.0005" thick membranes) and a 30 ml 
bottle KCI with Kodak Photo Flo. 

YSI 5945 - "0" Ring Pack - includes (6) "0" rings for each YSI D.O. 
Probe. 

YSI 5486- Beater Boot Kit- includes (1) A-05486 Boot. (1) A-05484 
Tip, (2) A-05485 Spring. Used only on 5720A and discon­

tinued 5420A and 5 720. 

YSI 5986- Diaphragm Kit for use only with YSI 5739 D.O. Probe. 

YSI 5734- Adaptor makes it possible to use discontinued YSI 5400 Series 
Probes with YSI Models 54ARC and 54ABP. 

YSI 5735- Adaptor makes it possible to use YSI 5739. 5720A and 5750 

Probes with discontinued YSI Models 54RC and 54BP. 

OXYGEN PROBES AND EQUIPMENT 

There are three oxygen probes for use with the YSI Models 54ARC and 
54ABP Dissolved Oxygen Meters. Descriptions of where they are used are con­

tained in the following paragraphs. 

I. YSI 5739 D.O. Probe 

The YSI 5739 probe. with built-in lead weight and pressure compensation. is 
an improved design that replaces the d1scontinued YSI 5418. 5419. 5 718 and 

5719 probes. (See Figure 1) 
For user convenience the probe is equipped with a disconnecting cable to 

facilitate changing cable lengths and replacing damaged cables or probes. The 
probe and cable assembly is held together with a threaded retaining nut. The 
connection is not designed for casual disconnection and should only be dis­

connected when necessary. 
To d1sconnect the cable unscrew the retaining nut and slide it down tho cable 

to expose the connector. Pull gently on the cable and connector until the con­

nector comes away from the probe body. 
To reassemble. inspect the connector and "0" ring for cleanliness. If the "0" 

ring is frayed or damaged remove it by squeezing it in the groove causing it 10 

bulge. then roll it out of the groove and off the connector. A replacement "0'' 

ring is supplied with the cable. 
Push tho connector into the probe body. rotating it until the two halves mate. 

A hght coating of vaseline or silicone grease on the "0" ring will make 

reassembly easier. Air trapped between the connector halves which may cause 
them to s1ning apart slightly, is normal. Screw on the retaining nut. hand right 
only. NOTE: If erratic readings are experienced, disconnect the cable and inspect 
for water. If present. dry out and reconnect. replacing the "0" ring. if necessary. 
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Figure 1 

Pressure Compensation 

The vent on the side of the probe is part of a unique pressure compensating 
system that helps assure accurate readings at great depths of water. Pressure 
compensation is effective to 1/2% of reading with pressures to 100 psi (230ft. 
water). The quantity of air bubbles trapped under the membrane determines how 
serious the pressure error will be. which is why proper preparation of the probe is 
essential. (See OPERATING PROCEDURES.) The system is designed to accom· 
modate a small amount of trapped air and still function properly. but the amount 
should be kept to a minimum 

The compensating system normally does not require servicing and should not 
be taken apart. However. if electrolyte is leaking through the diaphragm or if 
there is an obvious puncture, the diaphragm must be replaced. A spare is 
supplied with the probe. Using a coin unscrew the retaining plug and remove the 
washer and the diaphragm. flush any salt crystals from the reservoir, install the 
new diaphragm (convolution side in). replaoe the washer. and screw in the 
retaining plug. 

II. YSI 6720A 8.0.0. Bottle Probe 

The YSI 5720A B.O.D. Bottle Probe replaces the discontinued YSI 5420A 

8.0.0. Bottle Probe for measuring dissolved oxygen and temperature in stan· 

dard B.O.D. bottles. It is provided with an agitator for stirring the sample solu· 

tion, available in models for 117VAC (95·135VAC, 60·60 Hz) or 230VAC (190· 

250VAC, 60-60 Hz) operation. (See Figure 21 
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Figure 2 

When using the probe. plug the agitator power supply into line power and the 
probe plug into the instrument. With the agitator turned off place the tapered 
probe end into the 8.0.0. bottle and switch agitator "ON" with switch on top of 
probe. The probe should be operated with a minimum of trapped air in the 
8.0.0. bottle. A slight amount of air in the unstirred region at the top of the bot· 
tie may be neglected. but no bubbles should be around the thermistor or oxygen 
sensor. 

Stirrer Boot 

The probe uses a flexible stirring boot to transmit motion from the sealed 
motor housing to the sample. If the boot shows signs of cracking or other 
damage likely to allow leaking into the motor housing. the boot must be 
replaced. 

In fresh water applications boot life is normally several years, but this may be 
shortened by exposure to hydrocarbons, moderate to strong acids or bases. 
ozone. or direct sunlight. For maximum life rinse the boot after use in con­
taminated samples. (See Figure 3) 
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Boot replacement is as follows: 
1. Pull off old assembly and clean shaft. 
2. Slide on new assembly making sure the back spring is on the grooved 'area 

of the shaft. A small amount of rubber cement may be used. 
3. Check that there is sufficient clearance between the tip and the end of the 

shaft to permit turning without binding. 

TIP­
A-05484 

SCALE 2/1 

Figure 3 

800T 

SPRING 
A-05485 

I 

Figure 4 

Ill. YSI 6760 8.0.0. Bottle Probe 

The YSI 6750 8.0.0. Bottle Probe replaces the discontinued YSI 5450 
B.O.O. Bottle Probe. It is similar to the YSI 6720A B.O.O. Bottle Probe. except 
that It doe• not have a ttirrer. Agitation of the Nmple must be provided by other 
means, such as a magnetic stirrer. (See Figure 4J 

IV. Cable Adaptors 

All YSI 5700 Series Probes are designed for direct use with the YSI Models 
54ARC and 54ABP Dissolved OJCygen Meters. However, to use YSI 5700 
probe• with the discontinued VSI Models 54RC and 54BP. cable adaptor YSI 
5735 is required. 

V. YSI 6791 A and 6796A Submersible Stirrers 
The YSI submersible stirrers are accessories that perform the function of ttir· 

ring the sample being studied when making dissolved oxygen measurements in 
the field. The YSI5791A stirrer can be used with the following dissolved oxygen 
probe•: YSI 6418,5419,5718.5719. and 5739. The YSI 5795A stirrer is only 
for use with the YSI 5739 Probe. (See Figure 8) 

When a stirrer tnd probe are assembled, the stirrer agitates the sample direct· 
ly in front of the sensor by means of a rotating eccentric weight which causes 
the spring-mounted hermetically sealed motor housing to vibrate. An impeller on 
the end of the motor housing nushes the media across the oxygen sensor. (See 
sales literature and instruction sheets for further information). 

Figure 5 Figure 8 
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VI. VSI 6492A Battery Pack ( (, ) 

The VSI 5492A Battery Pack is designed to attach to the case o~ VSI 
Model 54 Dissolved O.JCygen Meters to provide power for ooerating the submer· 
sible stirrers. (See sales literature and instruction sheets for further information). 

OPERATING PROCEDURES 
1. Preparing the Probe 

All VSI 5700 Series Probes have similar sensors and should be cared for in 
the same manner. They are precision devices relying on good treatment if high 
accuracy measurements are to be made. Prepare the probes as follows. (See 
Figure 7) 

ALL PROBES ARE SHIPPED ORV - VOU MUST FOLLOW THESE IN­
STRUCTIONS 

8 

1. Prepare the electrolyte by dissolving the KCI crystals in the dropper bottle 
with distilled water. Fill the bottle to the top. 

2. Unscrew the sensor guard from the probe (YSI 5739 only) and then remove 
the "0" ring and membrane. Thoroughly rinse the sensor with KCI solution. 

3. Fill the probe with electrolyte as follows: 

A. Grasp the probe in your left hand. When preparing the YSI 5739 probe 
the pressure compensating vent should be to the right. Successively fill 
the sensor body with electrolyte while pumping the diaphragm with the 
eraser end of a pencil or similar soh. blunt tool. Continue filling and 
pumping until no more air bubbles appear. (With practice you can hold 
the probe and pump with one hand while filling with the other.) When 
preparing the VSI 5720A and 6750 probes. simply fill the sensor body 
until no more air bubbles appear. 

B. Secure a membrane under your left thumb. Add more electrolyte to the 
probe until a large meniscus completely covers the gold cathode. NOTE: 
Handle membrane material with care. keeping it clean and dust free, 
touching it only at the ends. 

C. With the thumb and forefinger of your other hand. grasp the free, end of 
the membrane. 

D. Using a continuous motion stretch the membrane UP. OVER. and 
DOWN the other side of the sansor. Stretching forms the membrane to 
the contour of the probe. The membrane can be stretched to ap· 
proximately 1-112 times its normal length. 

E. Secure the end of the membrane under the forefinger of the hand 
holding the probe. 

F. Roll the "0" ring over the end of the probe. There should be no wrinkles 
in the membrane or trapped air bubbles. Some wrinkles may be 
removed by lightly tugging on the edges of the membrane beyond the 
"0" ring. 

G. Trim off excess membrane with scissors or sharp knife. Check that the 
stainless steel temperature sensor is not covered by excess membrane. 

4. Shake off excess KCI and reinstall the sensor guard. 

5. A bottomless plastic bottle is provided with tt1e YSI 5739 probe for con· 
venient storage. Place a small piece of moist towel or sponge in the bottle 
and insert the probe into the open end. This keepa the electrolyte from dry· 

• 

I 
I 
I 
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ing out. The YSI 67r·' and 5750 probes can be ·stored in a B.O.D. bottle 
containing about 1" w-(i_ 

6. Membranes will last indefin;hliy. depending on usage. Average replacement 
is 2-4 weeks. However. should the electrolyte be allowed to evaporate and 
an excessive amount of bubbles form under the membrane. or the mem· 
brane become damaged. thoroughly flush the reservoir with KCI and install a 
new membrane. 

7. Also replace the membrane if erratic readings art observed or calibration is 
not stable. 

8. "Home brew" electrolyte can be prepared by making a saturated solution of 
reagent grade KCI and distilled water. and the" diluting the solution to half 
strength with distilled water. Adding two drops of Kodak Photo Flo 
per 100 ml of solution assures good wetting of the sensor. but is.not ab· 
sol.,tely essential. 

9. The gold cathode should always be bright and untarnished. If It Is tarnished 
(which can result from contact with certain gasea) or plated with allver (which 
can result from extended use with a loose or wrinkled membrane), return 
It to the factory for service. Never use chemicals or any abrasive. 

10. H1S. so,, Halogens, Neon. Nitrous Oxide and CO are interfering gases. If 
you suspect erroneous readings. it may be necessary to determine if these 
are the cause. These gases have been tested for response. 

100% Carbon MonoJCide·less than 1% 100% Helium· none 
100% Carbon Dioxide-Around 1% 1 00% Nitrous 0JCide·1/3 01 response 
100% Hydrogen-Less than 1% 100% Ethylene-none 
1 00% Chlorine- 2/3 01 response 100% Nitric OJCide· 1/3 01 response 

Figure 7 
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Figure 8 

II. Preparing the Instrument 

It is important that the instrument be placed in the intended operating posi­
tion vertical. tilted. or on its back - before it is prepared for use and calibrated. 
(See Figure 8). Readjustment may be necessary when the instrument operating 
position is changed. After preparing the probe proceed as follows: 

1. With switch in the OFF position. adjust the meter pointer to Zero with the 
screw in the center of the meter panel. Readjustment may be necessary if 
the instrument position is changed. 

2. Switch to RED LINE and adjust the RED LINE knob until the meter needle 
aligns with the red mark at the 31 °C position. 

3. Switch to ZERO and adjust to zero with zero control knob. 

4. Attach the prepared probe to the PROBE connector of the instrument and 
adjust the retaining ring finger tight. 

5. Before calibrating allow 15 minutes for optimum probe stabilization. 
Repolarize whenever the instrument has been OFF or the probe has been 
disconnected. 

Ill. Calibration 

The operator has a choice of three calibration methods - Winkler Titration. 
Saturated Water. and Air. Experience has shown that air calibration is quite 
reliable. yet far simpler than the other two methods. The three methods are 
described in the following paragraphs. 

Winkler Titration 

1. Draw a volume of water from a common source and carefully divide into four 
samples. Determine the oxygen in three samples using the Winkler Titration 
technique and average the three values. If one of the values differs from the 
other 2 by more than 0.5 mg/1. discard that value and average the remaining 
two. 

2. Place the probe in the fourth sample and stir. 

3. Switch to desired mg/1 range and adjust the CALIBRATION control to the 
average value determined in Step 1. Allow the probe to remain in the sample 
for at least two minutes before setting the calibration value. and leave in the 
sample for an additional 2 minutes to verify stability. (Readjust if necessary). 

Saturated Water 

1. Air saturate a volume of water (300-500 eel by aerating or stirring for at 
least 15 minutes at a relatively constant temperature. 

10 (_ 



DETAIL 

..---v:~: '.!:'-'"""'...,.--Q-, 
410 
10~ 

A 

1 

.. : ·l I 

iJJ MOUN( 
230V ~-60HZ ~ ~_!W~Hal~t-----------------_jL---~~~Jt-----------------------------------~ 

....__,~, • MOOCL 54ABP& 54A C·05440-Y 
1U DH••~ OX'tGEN PvETER A 

~~-- IDT(S: 
I lll.l IUISYCJI Y.._UlS .. 1• -~ &•1,111111, 
• •r.ooo,DDD. UllllSS _.,,S« '"'"'''· IUISTCJIS Ml 1/CV, II ..... nLM. 

1. 101 ~ 11m11U M( C EA l.lY -It 

~ot: .. ~·::~liUS Ml C EA t.nw -U 
CDI 01 l!JIIf. •rcao. 

s. 11"'" OWIGliiS • ~ClCJI -., " 
-f[lSICJIIOMLY. 

CAL 



(J 

• 

2. Place the probe In the ~mple and stir. Switch to TEMPERATURE. Refer to 
Calibration Table I for ~g/1 value corresponding to the temperature. 

3. Determine lncal altitude or the "true'' atmospheric pressure (note that "true" 
atmospheric pressure is as read on a barometer. Weather Bureau reporting of 
atmospheric pressure is corrected to sea level). Using Calibration Table II 
determine the correction factor for your pressure or altitude. 

4. Multiply the mg/1 value from Table I by the correction factor from Table II to 
determine the corrected calibration value for your conditions. 

EXAMPLE: Assume temperature • 21 •c and altitude • 1000 feet. From 
Table I the calibration value for 21 •c is 8.9 mg/1. From Table II 
the correction factor for 1000 feet is about 0.96. The corrected 
calibration value is 8.9 mg/1 X 0.96 • 8.54 mg/1. 

5. Switch to an appropriate mg/1 range and adjust the CALIBRATE knob while 
stirring until the meter reads the corrected calibration value from Step 4. 
Leave the probe in the sample for two minutes to verify calibration stability. 
Readjust if necessary. 

Air Calibration - Fresh Water 

1. Place the probe in moist air. 9.0.0. probes can be placed in partially filled 
(50 ml) B.O.D. bottles. Other probes can be placed in the YSI 5075A Calibra· 
tion Chamber (refer to the following section describing CALIBRATION 
CHAMBER) or the small calibration bottle (the one with the hole in the bot· 
tom) along with a few drops of water. The probe can also be wrapped loosely 
in a damp cloth taking care the cloth does not touch the membrane. Wait ap· 
proKimately 10 minutes for temperature stabilization. This may be done 
simultaneously while the probe is stabilizing. 

2. Switch to TEMPERATURE and read. Refer to Table I- Solubility of 0Kygen 
in Fresh Water. and determine calibration value. 

3. Determine altitude or atmospheric correction factor using Table II. 

4. Multiply the calibration value from Table I by the correction factor from Table 
II. 

EXAMPLE: Assume temperature • 21 •c and altitude "" 1000 feet. From 
Table I the calibration value for 21 •c is 8.9 mg/1. From Table II 
the correction factor for 1000 feet is about 0.96. Therefore, the 
corrected calibration value is 8.9 mg/1 X 0.96 • 8.54 mg/1. 

5. Switch to the appropriate mg/1 range and adjust the CALIBRATE knob until 
the meter reads the corrected calibration value from Step 4. Wait two 
minutes to verify calibration stability. 

Readjust if necessary. 
Air Calibration - Sea \/Vater 

1. Place the probe io moist air. B.O.D. probes can be placed in partially filled 
(50 ml) B.O.O. bottles. Other probes can be placed in the YSI 5075A Calibre· 
t•on Chamber (refer to the following section descnb•ng Calibration Chamber) 
or the small storage bottle ltho one with the hole in the bottom) along with a 
few drops of water. The probe can also be wrapped loosely in a damp cloth· 
taking care the cloth does not touch the membrane. Wait approKimately 10 
minutes for temperature stabilization. This may be done simultaneously 
while the probe is polarizing. 

( • 
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YSI 5700 SERIES DISSOLVED OXYGEN PROBES 
INSTRUCTIONS 

The probes described in these instructions are designed 
for direct use with YSI Models SO, 518, 54ABP, 54ARC, 
56, 57 and 58 Dissolved OXyqen Meters. The probes can 
also be used with discontinued YSI Models SlA, 54BP and 
54RC Dissolved Oxygen Meters when the YSI 5735 cable 
Adapter is employed. 

PRiltCIPLES OF OPI!:RA'fiOII 

YSI 5700 Series Probes are polaroqraphic sensors. A 
thin permeable ~mbrane stretched over the sensor iso­
lates the electrodes from the environment, but allows 
9ases to enter. When a polarizin9 volta9e is applied 
across the sensor, oxygen that has passed through the 
~~~embrane reacts at the cathode, causin9 a current to 
!low. 

The IM!IIbrane passes oxygen at a rate proportional to 
the difference across it in partial pressure of oxygen. 
Since oxygen is rapidly consumed at the cathode, it can 
be assumed that the oxygen pressure under the lllembrane 
is zero. Hence, the force causing the oxygen to 
diffuse throu9h the membrane ia proportional to the 
partial pressure of oxygen outside the aw~mbrane. As 
the oxyt,~en partial pressure varies, both the oxygen 
diffusion through the ....tlrane and the probe current 
wiil change proportionally. 

SP!CIFICATIOIIS 

cathode: Gold 
Anode: Silver 
Membrane: .001" FEP Teflon, standard 
Electrolyte: Hal! saturated KCl 
Temperature Ran9e: -s• to 45•c 

15• to 35•c for the 5760 probe 
T.mperature Accuracy: t0.2•c 
Temperature Compensation: (see instrument 

specifications) 
Polarizin~ Voltage: 0.8 Volts (nominal) 
Probe current in Air at 3o•c: 19 .Icroampa (nominal) 

in Nitrogen at 3o•c: 0.15 •icroamps or less 
Response TilM: Typical response !or dissolved oxyqen, 

usin~ standard membranes, is 90\ in 10 seconds at 
a conatant temperature of Jo•c. 

Response at low dissolved oxygen levels is typically 
90\ in 30 seconds. 

YSI S492A Battery Pack for Models 518 and 54A (Powers 
the subftersible stirrers.) 

YSI 5735 Cable Adapter (Mates 5700 Se~ies probes with 
discontinued YSI Models 51A, 54BP and 54RC Dis• 
solved Oxygen Meters) 

• 

Accessories for the 5720A, 5739 and 5750 

YSI 5680 Probe Reconditionin9 Kit. Includes a sanding 
tool and ten adhesive disks. 

YSI 5775 Membrane and KCl Kit, Standard. Includes two 
15-.ambrane packets (.001" thick standard FIP 
Teflon .ambranes) and a 30 al bottle of KCl with 
Kodak Photo Flo. 

YSI 5776 Membrane ar.d KCl Kit, High Sensitivity. 
Includes two 15-Dembrane packets (.0005" thick 
rEP' Teflon 1118mbnnes) and a 30 ml bottle of KCl 
with Kodak Photo Flo. Used for measurements below 

. 1s•c and/or for low oxygen levels 
YSI 5793 .001" membranes, 10-NIIIbrane packet 
YSI 5794 .0005" •Ambranes, 10-membrane packet 
YSI 5945. 0-~in9 pack (Contains replacement sensor 

a-rings) 

Accessories for tbe 5720A Only 

YSI 5486 Stirrer Boot Assembly 

Accessories ~or the 5739 Only 

YSI 5075A Calibration ~r 
YSI 5986 Diaphra~ Kit 

YSI 5740·10 
YSI 5740-25 
YSI 5740-SO 
YSI 5740·100 
YSI 5740·150 
YSI 5740·200 

detachable 10' cable 
detachable 25' cable 
detachable SO' cable 
detachable 100' cable 
detachable 1SO' cable 
detachable 200' cable 

YSI 5791A Submersible Stirrer with SO' cable for stir· 
rer only 

YSI 5795A Submersible Stirrer with 50' combined probe 
and atirrer cable 

YSI 5720A BOO BVl'TL! PROliE 

The 5720A bottle probe (Figure 1) is used !or measuri~~ 
disaolved oxygen in standard BOO bottles. It is pro· 
vided with a stirrer powered by a DC supply available 
for 115 or 230 VAC input. 

Figure 1. !be YSI 5720A Probe 

YSI Incorporated 
YcllowSprinp lnwumcntCo..lnc., Yellow Springs. Ohio .f5l87USA•Phonc sn 767·72-61•800 }t)-HEIJ'•Fu 513 767·9~53•Tdo: 205.07 · 
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2. Switch to TEMPERATURE and read. Refer to Table Ill - Solubility¢. Ox· 

ygen in Sea Water. and determine. calibration value. Ql 
3. Switch to the appropriate mg/1 range, &Rd adjust the CALIBRATE kno until 

the meter reads the calibration value determined in'. Step 2. Wait 2 minutes to 
verify calibration stability. Readjust if necessary. 
The probe is now calibrated and should hold this calibration value for many 

measurements. Calibration can be disturbed by physical shock. touching the 
membrane. or drying out of the electrolyte. Check calibration after each series of 
measurements and in time you will develop a realistic schedule for recalibration. 
For best results when not in use. follow the storage procedures recommended 
for the various probes described under OXYGEN PROBES AND EQUIPMENT. 
This will reduce drying out and the need to change membranes. 

Calibration Chamber 

The YSI 5075A Calibration Chamber is an accessory that helps obtain op· 
timum calibration in the field and is also a useful tool for measuring at shallow 
depths (less than 4'). 

As shown in Figure lA). it consists of a 4-112 foot stainless steel tube 111 at­
tached to the calibration chamber 12). the measuring ring 131 .... d two stoppers 
(4) and (5). 

For calibration. insert the solid stopper (4) in the bottom of the calibration 
chamber 121. Push the oxygen probe 161 through the hollow stopper 15) as 
shown in Figure (8). Place the probe in the measuring ring. Figure ICI. and im­
merse the probe in the sample to be measured for five minutes to thermally 
equilibrate the probe. Quickly transfer the probe to the calibration chamber (5) 
draining excess water from the chamber and shaking any excess droplets from 

.~ s 

2 

' 

Figure A Figure B Figure C 

Figure 9 
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the probe membrane. For maxlm~ccuracy. wet the inside of the calibration 
chamber with fresh water. This ,... sa 100% relative humidity environment 
for calibration. Place the chamber · the .. mple for an additional five minutes 
for final thermal equilibrium. Calibrate the probe as described in the air· 
calibration procedure. Keep the handle above water at all times. 

After calibration. return the probe to the measurement ring for shallow 
measurements. Move the probe up and down. or horizontally, approximately one 
foot a second while measuring. In rapidly flowing streams (greater than 5'/sec­
ond) install the probe in the measuring ring with the pressure compensating 
diaphragm towards the chamber. 

IV. Dissolved Oxygen Measurement 

With the instrument prepared for use and the probe calibrated. place the 
probe in the sample to be measured and provide stirring. 

1. Stirring for the YSI 5 739 Probe can best be accomplished with a YSI sub· 
mersible stirrer. If the submersible stirrer is not used. provide manual stirring 
~V raising and lowering the probe about 1 ft. per second. If the 5075 Calibra· 
tion Chamber is used. the entire chamber may be moved up and down in the 
water at -about 1 ft. per second. 

2. The YSI 5 720A has a built·in power driven stirrer. 

J. With the YSI 5750 sample stirring must be accomplished by other means 
such as with the use of a magnetic stirring bar. 

4. Allow sufficient time for probe to stabilize to sample temperature and dis· 
solved oxygen. 

5. Read dissolved oxygen. 

V. High Sensitivity Membrane 

Use of high sensitivity .0005" membranes (YSI 5776) in place of standard 
.001" membrane IYSI 5775) is recommended when measurements are to be 
made consistently at low temperatures (less than 15°C). Calibration and 
readings will be made just as if the standard YSI 5775 Membrane was being 
used. 

The YSI 5776 High Sensitivity Membranes can also be used in certain 
situations to increase sensitivity at temperatures about 15°C. The ranges thus 
become 0·5 and 0·10 mg/1. When calibration with.high sensitivity membranes 
is attempted at temperatures greater than 15°C the selector switch must be set 
to 0·20 mg/1. Multiply the calculated calibration value by 2. For example: at 
21 ac and 1000 ft. altitude the calibration value would be 8.6 .II 2 or 17.2. 
Remember the 0-10 and 0-20 mg/1 ranges are now 0·5 and 0-10 mg/1, and all 
mg/1 readings must be divided by 2 for a final reading. When operating in this 
manner accuracy will be degraded slightly. 
VI. Recorder Output 

. ----
Red and black recorder jacks are provided on the YSI Models 54ARC and 

54ABP, if you wish to record data while measuring. The high terminal of the 
recorder is connected to the red tip jack and the low terminal to the black. Out· 
put of the YSI 54A at full scale is betw&ttn 114 to 136 mV. 

Use a 50K or higher input impedance recorder and operate it with the ter· 
minals ungrounded. The recorder should be operated with its terminals un· 
grounded. Calibration of the instrument should be checked after connection of 
the recorder. ( 13 



Many recorders have an adjustable full scalo sunsitlvlty foaC WQ' --.- 1 thoso 

recorders are used with the Model 54A. use the 1 00 millivolt range _. · adjust 

the full scale chart deflection when there is full scale meter deflection. efer to 

the instruction book for the recorder. For recorders without this feature, a simple 

divider network as shown below can be constructed. This is adequate to adjust 

the signal for full scale chart and meter deflection on the 1 00 mV fixed range 

recorders. 

.. ~ . ...... 

VIII. Calibration Tables 
Figure 10 

Table I shows the amount of oxygen in mg/1 that is dissolved in air saturated 

fresh water at sea level (760 mmHg atmospheric pressure) as temperature 

varies from 0° to 45°C. 

Table I - Solubility of Oxygen In Fresh Water 

Temperature mg/1 Dissolved Temperature mg/1 Dissolved 

oc Oxygen oc Oxygen 

0 14.60 23 8.56 

1 14.19 24 8.40 

2 13.81 25 8.24 

3 13.44 26 8.09 

4 13.09 27 7.95 

5 12.75 28 7.81 

6 12.43 29 7.67 

7 12.12 30 7.54 

8 11.83 31 7.41 

9 11.55 32 7.28 

10 11.27 33 7.16 

11 11.01 34 7.05 

12 10.76 35 6.93 

13 10.52 36 6.82 

14 10.29 37 6.71 

15 10.07 38 6.61 

16 9,85 39 6.51 

17 9.65 40 6.41 

18 9.45 41 6.31 

19 9.26 42 6.22 

20 9.07 43 6.13 

21 8.90 44 6.04 

22 8.72 45 5.95 

Source: Derived from 15th Edition "Standard Methods for the Examination of 

Water and Wastewater. 
.. 
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Table II - Correction ( "'Z·"•pherlc Pressure 

. Table II shows the correction\t..ior that should be used to correct the calibra· 

taon value for the effects of atmospheric pressure or altitude. Find true It· 

mospheric pressure in the left hand column and read across to the right hand 

column t~ determine the correction factor. (Note that "true" atmospheric 

pressure .'' as read on a barometer. Weather Bureau reporting of atmospheric 

pr~ssure as corrected to sea level.) If atmospheric pressure is unknown. the local 

altatude may be substituted. Select the altitude in the center column and read 

across to the right hand column for the correction factor. 

Table II 

Atmospheric Pressure Equivalent Altitude Correction 

mmHg 
or Ft. 

= Factor 

775 540 1.02 

760 0 1.00 

745 542 .98 

730 1094 .96 

714 1688 .94 

699 2274 .92 

684 2864 .90 

669 3466 .88 

654 4082 .86 

638 4756 .84 

623 5403 .82 

608 6065 .80 

593 6744 .78 

578 7440 .76 

562 8204 .74 

547 8939 .72 

532 9694 .70 

517 10472 .68 

502 11273 .66 

Source: Derived from 1 5th Edition "Standard Materials for the Examination of 

Water and Wastewater ... 

15 



The temperature-solubility ~elationship of oxygen In ~ea water Is nQ· t~e sa~e as that in fresh water. For thes reason the compensatiOn error whe ·,. ·,l'!d w1th sea water is greater than when used with fresh water. For a ±s•c spa the error could be + 2.2% of reading and over the temperature range of -2• to + 3o•c the 
error could be 6.3% of reading. 

Table Ill - Solubility of Oxygen In Sea Water 

Temp. 
•c 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SOLUBILITY OF OXYGEN IN SEA WATER 
(Chloride concentration 20,000 mg/1) 

Solubility Temp. 
mg/1 •c 
11.41 16 
11.11 17 
10.83 18 
10.56 19 
10.30 20 
10.05 21 
9.82 22 
9.59 23 
9.37 24 
9.16 25 
8.96 26 
8.77 27 
8.58 28 
8.41 29 
8.24 30 
8.07 

Solubility 
mg/1 

7.91 
7.78 
7.61 
7.47 
7.33 
7.20 
7.07 
6.95 
6.83 
6.71 
6.60 
6.49 
6.38 
6.28 
6.18 

Source: Derived from 1 5th Edition "Standard Materials for the Examination of 
Water and Wastewater. 

.. 
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I'"' .... ·-· ... .. _ .. 
_Correcting for Salinity .:=- '\ 

When measuring dissol~} oxygen in water samples with a salinity or chlorinity between sea water and fresh water. calibrate the instrument for fresh water and make your measurements. Then correct the data according to the following formula: . 
I 

FORMULA: 
(Cs/Co (Sf- So]) 

. A = M ( 1 .0 - I Sf I) 

Where: A = Actual DO of sample. (mg/1 dissolved 02l 
M = Measured DO with instrument 

·Co = Chlorinity of ocean water (20 ol oo Cl ionl 
• Cs = Chlorinity of sample (o/oo Cl ion) 

Sf • DO of saturated fresh water at 760 mm pressure and at 
same temperature as sample (mg/1 DO. obtain data from 
charts in instruction manual) 

So = DO of saturated ocean water 120.000 mg/1 Chloride ion) 
at 760 mm pressure and at same temperature as sample 
(mg/1 DO. obtain data from instruction manual) 

• NOTE If salinity is used instead of chlorinity the ratio Cs/Co 
is computed using 36.11 oloo for Co (salinity of 
ocean water). and the salinity of your sample of Cs. 

EXAMPLE: Measured Data 
DO"' 4.1 

TemJI "' 22°C 
Sahnity "' 31 o/ oo salinity 

M "' 4. 1 mg/1 DO from data 
Co "' 36.11 o/oo salinity from manual 
Cs = 3 1. 0 ol oo salinity from data 
Sf = 8.8 mg/1 DO from Table I in manuel 
So "' 7.1 mg/1 DO from Table II in manual 

((310/36.11) (8.8 7.1}1 
A 2 4.1 ( 1.0- (- 8.8 )) 

f( 86) ( 1. 7)1 
= 4. t (tO - ( 8.8 IJ 
- (146) 
"' 4. 1 ( 10 - { 8 8)) 
- 4.1 ( 10- 0.166) 
= 4.1 (0.834) 
= 3.41 mg/1 

( 17 



ISCUSSION OF MEASUREMENT ERRORS ( - ,~ 
There are three basic types of e"ors which can occur. Type I errors are relaU 

• limitations of the instrument design and tolerances of the instrument com· 
ments. These are chiefly the meter linearity and resistor tolerances. Type II 
rors are due to basic probe accuracy tolerances. chiefly background signal, 
robe linearity. and variations in membrane temperature coefficient. Type Ill 
·rors are related to the operator's ability to determine the conditions at the time 
I calibration. If calibration is performed against more accurately known con· 

otions. Type Ill errors are appropriately reduced. 

1dividual Sources of Error 

This description of sources of e"or can be used to attach a confidence to any 
articular reading of dissolved oxygen. The particular example given is for a near 
xtreme set of conditions. As a generality, overall error is diminished when the 
•robe and instrument are calibrated under conditions of temperature and dis· 
olved oxygen which closely match the sample temperature and dissolved ox-

·gen. 

rype I 

\ 

3 

is the error due to meter linearity 
Error • + 1% full scale of the measurement range. 
is the error due to tolerances in the instrument when transferring a 
reading from one range to another. Error • :1:1% of the reading. 

Type II 
A - errors due to probe background current 

( 
Meter Reading mg/1 ) x Calib. Value. mg/1 

Error • 1.0% I 1 • Calibration Value mg/1 
B errors due to probe non-linearity. Error "' :1: 0.3% of reading .• 

C error caused by variability in the probe membrane temperature coef· 

ficient. 
Error = zero if readings are taken at the calibration temperature 
Error • :1: 1% of meter reading if readings are taken within 5°C of the 

calibration temperature. 
Error = :1: 3% of meter reading for all other conditions. 

Type Ill 
A - errors due to the acc~o. acy of the instrument thermometer when used to 

measure the exact probe temperature during calibration. 

Error • :1: 1.5% of reading. 

9 - errors due to the assumption of mean barometric pressure. 
Daily variation is usually less than 1.7%. 
Error = :1: 1 . 7% of reading. ',. 

C- errors assume an ability to estimate altitude to within + 500 ft. when com- :· 
puting the altitude correction factor. · 
Error • % 1.8% of reading. ·I • · 

.. . . 

0 errors consider the ~ bili~:· Qf only 50% relative humidit when 
~~illtng the probe. 1 •• ne (_ ~I relative humidity is 50% in:tead of 

vv--.. the errors w1ll be as follows: 

Calibration Temperature :t: C 

0 
10 
20 
JO 
40 

Error in percent of reading 

1-1 0.3 
(·) 0.6 
l·l 1.15 
1·1 2.11 
(·) 3.60 

Example of a Typical Error Calculation 

The I . · examp e g1ven presumes the a11 caliblbiiO., technique. If calibration is 
done wllh au saturated water. the relative humidity consideration (111-01 is 
ehmu.ated If the Winkler cahbrat•on method is used. Type 111 errors are deleted 
and replaced by the uncertamty attnbutable to the overall Winkler determination. 

Data: Instrument calibrated at 25°C, elevation estimated at 2000' :1: 500', 

Type 

lA 
18 

IIA 
liB 
IIC 
lilA 
1118 
IIIC 
1110 

normal barometnc pressure assumed. calibrated on 0-10 mg/1 range at 
7.8 mg/1. readings taken on 0·20 mg/1 range at 10.5 mg/lata•c. 

Description Calculations Error mg/1 
linearity - .01 X 10.5 mg/1 - .10 
Range Change - .01 X 10.5 mg/1 • .10 

( 10.5) 
Probe Background .. .01 X 1 • --rQ 7.8 mg/1 .. .03 
Probe linearity = .003 X 1 0.5 mg/1 .. .03 
Temp. Compensation = .03 X 10.5 mg/1 = .31 
Temp. Measurement - .015X 10.5mg/1 - .16 
Pressure = .017 x 10.5 mg/r :a .18 
Altitude = . 18 X 1 0.5 mg/1 ,. .19 
R.H. = .016X 10.5mg/l - .17 

Maximum Possible Ertor = 1.27 mg/1 
Probable Error = :1: .63 mg/1 

Consideri~g a statiStical treatment of the probable error at any time for any 
enltrumant, 1t IS hkely that the actual error in any measurement will be about 
1/2 of the poss1ble error. In th1s case the probable error is about :1:.5 mg/1 out 
of I read~ng of 10.5 mg/1. or 4.8% of the reading. 

INSTRUMENT BATTERIES 

1 • Bl~t~ re~lacement or recharging on the YSI Model 54A is indicated if the 
. . · Nod l~ne ldJUStment cannot be made or 02 calibration cannot be achieved. 
~ . tw'lming: a faulty probe will also not permit 01 calibration.) 
( ._ To rtp11ce batteries remove the four screws holding the rear cover of the in· 
., lbmtnL The four batteries will be found on the battery terminal board inside. 
; ._CAUTION: disconnect battery charger on YSI Model 64ARC before removing 

·;·.1 .. , .... 
-.~:1"-J ·':1:: 
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Figure 11 

The YSI Model 54ARC contains four 1.25V Ni·Cd batteries (Burgess CD6 or equivalent). (See Figure 111. These batteries should be recharged when the in· strument can no longer be red lined. Battery life should be three years or longer. Deeper discharge because of longer intervals between recharge will result in shorter battery life. The batteries should be recharged overnight. about 16 hours with the instrument off or 20 hours with the YSI Model 54ARC turned on. The YSI Model 54ABP contains four 1.5V carbon-zinc IPanasonic UM-2N or equivalent). The life of these batteries is 1000 hours. Replace batteries every six months to minimize danger of corrosion due to dead or leaky batteries. Battery holders are color coded. Positive ( + buttonl'end of battery must g~ to red. (See Figure 11 ). 

WARRANTY AND REPAIR 
All YSI products carry a one-year warranty on workmanship and parts exclu· siva of batteries. Damage through accident. misuse. or tampering will be re· paired at a nominal charge. if possible. when the item is returned to the factory or to an authorized YSI dealer. 
If you are experiencing difficulty with any YSI product. it may be returned for repair. even if the warranty has eacpired. YSI maintains complete faciltttes for prompt servicing for all VSI products. 

YELLOW SPRINGS INSTRUMENT CO .• INC. 
SERVICE DEPARTMENT 
P.O. BOX 279 
YELLOW SPRINGS. OHIO 45387. U.S.A. 

PHONE: 513-767-7241 
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To use the 5720A, pluq the stirrer power supply into 
line power and the probe pluq in the instrument. With 
the stirrer off. place the tapered probe and into a 
filled the BOO bottle and turn on the stirrer. The 
probe should be operated with a ainimwD of trapped air 
in the bottle. A slight amount of air in the unstirrad 
re<;ion at the top ~~ay be ne<;lacted. but no bubble 
should be permitted around the sensor. CAUTION: The 
motor housinq is not waterproof; do not submerge this 
probe beyond the part that is inserted into a BOO 
bottle. 

Stirrer Boot (YSI 5486) 

The 5720A uses a flexible stirrinq boot to tranait 
1110tion frOIIl the motor housinq to the sample. If the 
boot shows signs of cracking or other damage liable to 
allow leakage into the motor housinq. it must be 
replaced. RuMing the S720A with a damaged stirring 
boot could cause permanent 110tor damage. Boot life ~~ay 
be shortened by exposure to hydrocarbons. moderate to 
strong acids or bases, ozona, or direct sunlight. For 
maximwa life, rinse the boot after each use. Boots are 
replaced as follows: 

1. Pull off the old assembly and clean the stir rod 
housif19. 

2. Slide on the new asse!Nily. lllilkinq sure the back 
spring is over the grooved area of the stir rod 
housing. A drop of alcohol will aid installation by 
providing lubrication. 

l. Do not permit the stir rod to press against the and 
of the stirrer boot tip or it will bind. 

YSI 5739 DISSOLVED OXYGEH 1'11081 

The 5739 probe syst .. consists of the probe body plus a 
detachable cable (see Figure 2). The detachable cable 
is a convenience feature that facilitates cb.nqinq 
cable lengths and replacing damaqed cables or probes. 
The probe and cable assembly is held toqethar with a 
threaded retainer. The assembly is not intended for 
casual disconnection; cable and probe should be separ­
alad onlJ when necessary. 

To detach the cable. unscrew the retainer and slide it 
down the cable to expose the connector. Pull gently on 
the connector until it COIIlas away from the probe body. 
If the O·rinq is frayed or damaged, replace it: a 
replac-nt 0-ring is supplied with each 5740 cable. 
Reassemble by pushinq the connector into the probe 
body, rotating it until the two halves mate. A light 
coat1119 of silicone qrease on the O•rlnq will make 
reassembly aaHar. Be aure the connector is dry; 
otherwise, er1lat1c raadinqs may result. Screw on the 
retainer finqe.\-·tight only. 

The 5739 probe has a unique pressure c0111pensatinq 
syst.. that helps assure accurate raadinqs at qreat 
depths. Pressure compensation is affective to 1/2\ of 
readi119 with pressures up to 100 psi (230 feet of 
water). The COIIIpensating syst.. does not no~:~~~&lly 

require service and should not be taken apart. How­
ever, if electrolyte is leaking through the diaphraqm. 
or if ther~ is an obvious puncture, the diaphrag. .ust 
be replaced. A spare is supplied with the probe. Use 
a coin to unscrav the retaininq pluq and remove the 
washer and diaphraqm. With distilled water, flush any 
salt crystals frOIIl the reservoir, install a new cUa­
phragm (flat aida out), replace the washer and securely 
screv in the retaininq pluq. 

Piqure 2. '!'he YSI 5739 Probe 

YSI 5750 BOO BOTTtZ PROBit 

The 5750 (Figure 3) is similar to the 5720A except that 
it does not have a stirrer. Aqitation of the SIIIIIPl• 
.ust be provided by other -•na, suc:h as a magnetic: 
stirrer. 

Piqure 3. 'l'be YSI 5750 Probe 

PROBE PREPARATION 

All probes are shipped dry. You IIIUst follow these 
instructions when preparing a new probe or when chang­
ing membranes. Prepare the electrolyte by dissolving 
the KCl crystals which are supplied in a dropper bottle 
that should be filled to the neck with distilled water 
and shaken until the crystals are dissolved. 

·1. Unscrew the sensor guard (5739 only). Remove the 
o-ring and membrane, than thoroughly rinse the sensor 
with distilled water. 

2. To fill the probe with electrolyte and install a nev 
~embrane, follow these steps: 

a. Grasp the probe in your left hand. (See the 
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sketches in Fi9Ure 4.) When preparing the 5139 
probe. the pressure compensatin9 port should be to 
the right. Successively fill the sensor body with 
electrolyte while pumping the diaphra9JII with the 
eraser and of a pencil or a similar soft, blunt 
tool. Continua filling and pumpinq until no mora 



alr bubble• appear. For ease in preparing the 
5720A, the stirring rod should be to the left. When 
preparing the 5720A or 5750 probea, s~ly fill the 
sen.ar body until no more air bubbles appear. 

b. s.eure a membrane betveen your left thumb and the 
probe body. Add more electrolyte to the probe until 
a large meniscus completely covers the qold cathode. 
NOTE: Handle membrana materiel with care, touching 
Jt at the ends only. 

c. With tha thlllllb an4 fonfingar of your other hand, 
grasp the free and of the membrana. 

d. With a continuoua motion, atretcb it up, over and 
dcwa tha other aide of tha sensor. Stretching forma 
the .-mbrane to the contour of tha probe. 

a. Secure tha end of tha membrana under the forefinger 
of your left hand while holding the probe. 

t. JloU the o-ri119 over tha end of the probe, being 
careful not to touch the membrana surface. For the 
5720A, start at the right side of the sensor and 
roll the 0-ring toward the stirring rod. There 
abould be no wrinkles in the membrane or trapped air 

• bubbles. Some wrinkles may be removed by lightly 
tugging on the edges of the membrane beyond the 
0-ring. 

t• Tria off excess lllelllbrana with scissors or sharp· 
ltni!e. Check that the stainlesa steel temperature 
sen.ar is not covered by excess II!Uibrane. 

]. Shake off excesa XCl. On the 5739, reinstall tha 
sen.ar tuard. 
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1'19\ln 4. Medlrane Application 

Probe StOrlle)e 

A bott0111leu plastic bottle is provided with the YSI 
5739 probe for convenient atorage. Place a small piece 
of moist towel or sponge in the bottle and insert tha 
probe into tha open end. This lteepa the ele<:trolyte 
frca drylnCJ out. The 5720A and 5750 probes can be 
stored ln a BOD bottle containing at least 1• of vater. 
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1. MeBbrane life depends on use. Membranes will last a 
long tiM if installed properly and treated with care 
during use. Erratic readings result froa looae, vrink­
led or fouled membranal, or froa large bubbles in tha 
electrolyte reservoir. If erratic readings, or evidence 
of membrane damage occur, you ahould replace the 
membrane and KCL. The average replac-nt interval ia 
two to four weeks; electrolyte in constant or heavy use 
will be exhausted in about two weeks. 

If the sensor 0-ring on any probe is worn or loose, 
replace it with the o-rin9 provided in tha YSI 5945 
0-rinq Pack. 

2. The gold cathode should always ba bright and untar• 
nished. If it ia tarniahed (which can result fraa 
contact with c.rtain gas .. ) or plated with dlver 
(which can result fraa extended usa with a loose or 
wrinkled membrane), it needs to have its surface 
restored. Probes .. y either ba returned to the factory, 
or cleaned with the YSI 5680 Probe Reconditioning Kit; 
never use chemicals or any abrasive not supplied with 
this kit. 

3. It is also possible that the silver anode may beooma 
contaminated, which will prevent successful calibra­
tion. Try soaking the probe overnight in a 3\ annonia 
aolution; rinse with deionized water, recharge with 
electrolyte, and install a nev -mbrane. If still ...._.; 
unable to calibrate after several hours, return tha 
probe for service. 

4. Hydrogen sulfide, sulfur dioxide, halogens, and neon 
are interfering gases. If you suspect erroneous read• 
ings, it .. y be necessary to deter111ina if th,se ara tha 
causa. · 

Thaae gases have been tested for reaponsa: 
100\ Carbon Monoxide lesa than 1\ 
100\ carbon Dioxide around 1\ 
100\ Hydrogen less than 1\ 
100\ Chlorine 2/3 o2 response 
100\ Heliu. none 
100\ Nitroua OXide 1/3 o2 response 
100\ Ethylene none 
100\ Nitric OXide 1/3 o2 responaa 

S. The correct liquid level in !00 bottlea ia achieved 
by overfilling, then inserting a stopper and pouring 
of! the excess. When using a YSI 5760 or a 5720A probe 
in a filled 800 bottle, be careful :o insert it 8lowly 
to avoid SUiple overflow. 

6. When using tha 5720A in samples containill9 heavy 
particulate solids, additional atirrinq may ba needed. 
Invert1119 the stoppered bottle ilrmadiately before use 
will.usually provide adequate mixin9. 

CALIBRA'!'IOK 

Daily calibration is generally appropriate. Calibra· 
tion can be disturba4 by physical shoc:k, touching the 
llllrilrana, foulin9 of the membrane or dryin9 out of tha 
electrolyte. Check calibration after each series of 
measurements, and in time you will develop a realistic 
schedule for· recalibration. When probes ara not in 
use, atore th .. as recommended in Probe Preparation. 

Probes may be calibrated by Winkler Titration or by the 
Water Saturated Air ~thod. Experience has shown that 
air calibration ia quite reliable, yet far s~ler than 
titration. Both .. thods are described here. Consult 
the manual for your particular instrument for JDOre 
complete instruetiona. 



Winkler Titratioa 

1. Or/\~ a vollllllo) of water from a sinqle sourc:e and· 
carefully divide it into four samples. Determine the 
oxygen in three of the samples using the Winkler Titra­
tion technique and average the three values. If one of 
the values differs from the other two by more than 0.5 
mq/L, discard it and average the two values remaininq. 

2. Usinq the probe-meter syst .. you are calibratinq, 
place the probe into the fourth sample and stir. 

3. Switch to the desired mq/L range and adjust the 
CALIBRATION control to the average value determined in 
step 1. Allow the probe to remain in the sample for at 
least 5 minutes before setting the calibration vall..a, 
then leave it in the sample for an additional two 
minutes to verify stability. Readjust if necessary. 

Air Cal.ibratioa 

1. Place tha probe in a BOD bottle containin9 about 1 
incll of water. Wait approximately ten aainutes for 
temperature stabilization. 
The 5739 probe can be placed in the YSI 5075A Calibra­
tion Challlber or in the small caUbration bottle sup­
plied with the probe (the one with t!le hole in the 
bottom) alonq with a few drops of water, or a eoistened 
towel or cloth. 

2. Read tha temperature and refer to -the instrWMnt 
calibration Table to determine the calibration value. 
NOTE: To achieve the stated accuracy of measur-nt, 
the probe IIIUst be stabilized before calibrat1n9. The 
calibration temperature should be within 5 deqrees of 
the sample temperature. 

3. Determine the atJDOspheric correction factor (see 
Instrument instructions). 

4. Multiply the calibration value by the correction 
factor. 

5. Switch your instrument to an appropriate mq/L range 
and adjust the CALIBRATE control until the meter reads 
the corrected calibration value from sup 4. Without 
chanqinCJ the calibration setup, monitor the r ... dinCJS 
for an additional 3 ~inutes to verify calibration 
stability. Readjust if necessary. 

All YSI products carry a one-year warranty on wor~n­
s~ip and parts, exclusive of batteries.· ~CJe throuqh 
accident, misuse, or tamper inC) will be repaired at a 
nominal charqe, if possible, when the item is returned 
to the factory or to an authorized YSI dealer. Elec­
trode cleaning is not covered by warranty. 

If you are experiencinq difficulty with any Y!I pro­
duct, it may be returned for repair, even if the war­
ranty has expired. YSI maintains complete facilities 
for prompt servicing on all its products. This war­
ranty is limited to repair or replacement (YSI's 
option) at no charge. 
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APPENDIX B4 

TOTAL ORGANIC CARBON LABORATORY ANALYSIS SOP 

··:) 



APPENDIX 84 

QAPP ADDENDUM 
ACS PHASE II RI/FS 

TOTAL ORGANIC CARBON (TOC) ANALYSIS METHOD 
STANDARD OPERAtiNG PROCEDURE 

Determination of organic carbon (S) in soil, using sub-aliquots of air-dried 
soil, passed through a 100 mesh to 140 mesh screen. All of the sub-aliquot 
must pass the screen. Apflicable organic carbon concentration range of 
interest is 0.1% to 2% (or arger) in soil, (dry weight basis). Laboratory 
may report lower concentration values. 

Test procedures used for determining soil TOC concentrations shall be the 1) 
dry combustion (resistance furnace);2) dry combustion (induction furnace); 
3) dry combustion (automated metllods), or 4) wet combustion (combustion 
train) methods of analysis specified by Table 29-1 of •Methods of Soil 
Analyses,• Part 2 - Chemical and Microbiological Properties, 2nd ed., 1982, 
American Society of Agronomy, and Soil Science Society of America, Madison, 
Wisconsin. Copies of this copyrighted material are not being provided, 
because it is standard documentation at the laboratory to be used. 

Any automated dry combustion test procedure used must provide results 
consistent with the other 3 methodo 1 ogi es and must be cons is tent with the 
requirements of Chapter 29, Sections 29-1, 29-2, and 29-3, "Methods of Soil 
Analysis• (MSA) Part II, 2nd ed., as appropriate. Soils can be calcareous 
or noncalcareous soils, with varying amounts of organic carbon. Soils 
determined may be subsurface as well as surface soils. If feat or muck 
soils are ever encountered, the laboratory will provide, w th the case 
narrative, limitations of any sample results and any solutions to problems 
encountered. This is a 1 so true for any other problem sample types 
encountered. 

The laboratory providing organic carbon analysis data, will provide a 
narrative discussion concerning methodology, instrumentation, and specific 
QA practices used for the set of soils tested. Requested in format ion 1 s 

·-, detailed in items 2 and 3 of this SAS. 
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ATTACHMENT 1 
Analytical Methods - Organic Carbon in Soil 

7a. Sample Preparation: Representative sub-aliquot of air-dried soil (see 
% solids SAS) screened through 100 or 140 mesh as appropriate. All of 
the sub-aliquot must pass thfs screen. 

b. Test for Presence of Inorganic Carbon, MSA, Part II, Section 29-3.3.1. 
Place finely ground soil on a spot plate, and moisten with a few drops 
of water. Add 4 N HCl dropwise to the wetted sample and observe any 
effervescence. Allow sufficient time for dolomite to react (-5 min). 
If inorganic carbon is absent proceed with Total Carbon in it~ms 17c, 
or 7d below. If inorganic carbon is present, or the test·~ 1s not 
definitive, proceed with items 17e, or 17f prior to Total ··Carbon 
measurements of Item #7c or #7d. · 

c. Total Organic Carbon (Dry Combustion), HSA, Part II, Section 29-2.2.2. 
Use this as a guide ~r instrumental specifications. Instrument must 
test solid sample directly. Illustrative examples of this methodology 
are: 

1) Total Organic Carbon (Dry Combustion - Medium Temperature 
Resistance Furnace), MSA, Part II, Section 29-2.2.3. 

2) Total Organic Carbon (Dry Combustion - High Temperature Induction 
Furnace), MSA, Part II, Section 29-2.2.4. 

3) Total Organic Carbon (Dry Combustion - Other Instrumental Methods), 
MSA, Part II, Section 29-2.2.5. Any other instrumentation such as 
this must be justified and provide results as precise and accurate 
as the results from Sections 29-2.2.3, and 29-2.2.4. 

d. Total Carbon (Wet Oi~estion), HSA, Part II, Section 29-2.3.2 Soil 
digested in 60:40 m1xture of sulfuric acid and phosphoric acid 
(containing KzCr07). COz evolved is absorbed and weighed, or absorbed 
in standard base and titrated. 

1) Specific examples are found in HSA, Part II, Figure 29-2, Figure 
29-3, and Section 29-2.3.3. 

e. Pretreatment prior to Dry Combustion, MSA, Part II, Sect·ion 29-3.3.3. 
Inorganic carbon is removed by treating sample in a combustion boat, 
with 5% sulfurous acid (HlS03). After several hours, remove the excess 
HzS03 by leaving overnight 1n an evacuated dessicator. Read citation 
for further details. 

f. Pretreatment prior to Wet Digestion, HSA, Part II, Section 29-3.3.2. 
Inorganic carbon is removed by sulfuric acid - ferrous sulfate reagent 
in apparatus used for total carbon (Wet Digestion) prior to Total 
Carbon measurement. See citation for further details. 

• 
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g. Use only the methods specified above or obtain approval of CPMS, CRL 
prior to use of other method. Test procedure description, and 
description of specific measurement principles, including equivalency 
to each of the 10 items of Figure 29-1 of MSA, Part II and sample 
pretreatment of Section 29-3, MSA, Part II, must be included with each 
set of soils tested. 

h. laboratory performing Total Organic Carbon determinations must use and 
have a recognized procedure for removal of any inorganic carbon in 
sample. . 

ATTACHMENT 2 
' A variety of apparatus, instrumentation, sample preparation systems and 

read-outs can be used. It is the responsibility of the laboratory to 
provide appropriate QC audits and QC data with each set of samples tested. 

If instrumentation requires calibration, provide calibration curve, 
including zero concentration standard and preparation bl ank.s. Provide 
positive control (a test sample prepared independently from calibration 
standards) that provides a measure of accuracy of system. This should be 
done for all systems including grametric readouts. 

ATTACHMENT 3 
Analytical Results Required 

As part of Case Narrative, attach description of test procedure and 
instrumentation used for measurement of Total Organic Carbon and removal of 
any Inorganic Carbon. Test procedure description must include sufficient 
information that the nature of specific analytical result deliverables can 
be determined including QC audits. In Case Narrative, discuss any problem 
type samples (including peat or muck soils), limitations on any sample 
resultsi and solution taken to resolve any problems. A sample preparation 
log wil be provided, as appropriate. 

Bench ·record tabulating any order of any sample weights and tare weights of 
absorbed COz, instrument calibrations, blanks, QA auditsf etc., must be 
provided along with copies of any worksheets used to ca culate results. 
Include copies of any 1nstrument readouts. All must be leqible. Report 
results as% of organic carbon on a dry weight basis (103-105~). 

VACS ATTACHMENTjdms/GEP 


